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Section 1 

INTRODUCTION 

1.1 Background 

American Steel Foundries, Alliance, Ohio facility (ASF) retained RMT, Inc. to prepare a RCRA Closure 

Plan for their off-site landfill (Sebring Facility) in accordance with the Consent Decree (USEPA and 

Amsted Industries, Inc. d. b. a. American Steel Foundries, December 1, 1992). The Landfill Closure 

Plan was submitted to the USEPA and the OEPA in January, 1993 (RMT, 1993). 

As discussed in Section 6 of the Closure Plan, ASF proposes the use of atternative materials in select 

layers of the final cover. Foundries using the 'green sand molding• process generate large quantities 

of excess system sand, and dust and sludges containing bentonite, a naturally occurring clay. This 

material has often been shown to have low water permeability characteristics (1 x 10·7 em/sec and 

lower) which can be attained in the field. Also, experience at other foundry landfills has shown that 

select foundry material, such as excess system sand, can support spontaneous growth of volunteer 

vegetation on the existing landfills. This test plot plan is being submitted as an addendum to the 

Landfill Closure Plan and is intended as a workplan of activities required for test plot construction and 

vegetative growth demonstration. 

As discussed in Section 4 of the Closure Plan, the final cover at the Sebring facility will consist of: 

• 30-inch cover soil layer (includes 6' topsoil) 

• Geotextile 

• 12-inch sand drainage layer 

• Pipe collection system in the sand drainage layer 

• 30-mil very low density polyethylene (VLDPE) geomembrane liner 

• 24-inch compacted soil barrier layer 

Test plots, constructed according to this Test Plot Plan, will be undertaken to evaluate the in-place 

hydraulic conductivity and establish effective procedures for the placement of the 24-inch compacted 

barrier layer. In addition, a test plot will be developed to determine the revegetative potential of the 

excess foundry sand for the 30-inch cover soil layer. 

2169.08:ATZ:AMEA0504 
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1.2 Purpose and Scope 

This addendum to the Sebring Facility Closure Plan presents the test plot plans lor the 24-inch 

compacted layer and the 6-inch topsoil layer of the final cover for the landfill. Included in this 

addendum is a description of each test fill, a physical and chemical description of the proposed 

alternative materials, a summary of the installation procedures, field and laboratory testing protocol, 

and a discussion of post -construction activtties to be performed. Each test fill is to be constructed in 

accordance with this plan and is designed to provide the constructability demonstration and hydraulic 

conductivity documentation as described in OAC 3745-30-07(F){1). 

The primary purpose of a test plot for the 24-inch compacted barrier layer is to document that 

specijied density, moisture content and hydraulic conductivity values can be achieved consistently 

with alternative materials and with the full-scale compaction equipment in the construction of the final 

cover. In essence, the test fill demonstrates the adequacy of the materials, specnications, design, 

equipment, and construction procedures planned tor the landfill cover system to achieve the desired 

performance criteria ~.e. hydraulic conductivity). 

The primary purpose of a test plot for the 6-inch topsoil layer is to document that the alternative 

materials, with the addition of specified amounts of soil conditioner, fertilizer and seed mix, can 

support vegetative growth adequate to prevent erosion of waste through good root growth, minimize 

the exposure of the waste to the public and the environment and maintain an aesthetically pleasing 

appearance. 

2169.08:RTZ:AMER0504 2 



RMT REPORT MAY 1993 
ASF - lANDFILL CLOSURE PlAN - ADDENDUM 1 FINAL 

Section 2 

ALTERNATIVE MATERIALS 

2.1 laboratory Chemical Testing 

ASF proposes to beneficially re-use their excess system sand and sludge as components of the 24· 

inch compacted barrier layer of the landfill cover. In addition, the excess sand is being proposed for 

use as the 30-inch cover layer, including 6 inches of topsoil. 

ASF's excess sand is composed of silica sand, chromite sand, bentonite, sea coal and cereal. The 

sludge, generated from a sand washer operation and. sand handling wet collectors, consists primarily 

of sand fines and high levels of bentonite. Appendix A of the Landfill Closure Plan includes chemical 

laboratory resu~s for both wastestreams. Lab testing includes TCLP metals and organics and water 

leach metals and organics. With the exception of one water leach arsenic value for the sludge (0.55 

mg/l), all resu~s were below the Federal Maximum Contaminant Levels (MCL's) for drinking water. An 

earlier water leach test resu~ for arsenic on the sludge was 0.004 mg/L, which is significantly lower 

than the MCL of 0.05 mg/L. 

Based on RMT's knowledge of foundry processes, arsenic would not be expected to be found in 

sludge generated from sand washing and sand handling processes. Therefore, another sample was 

taken of the sludge and submitted to the lab for water leach arsenic only. The resu~ of this analysis 

was 0.0068 mg/L. A copy of the laboratory test is provided in Appendix A. 

Based on the chemical analyses of the excess foundry sand and the sludge, it is not expected that 

the materials will leach any metals or organic contaminants into the groundwater which would resu~ in 

environmental risk. Therefore, these materials are suitable for alternative use in a foundry landfill cover 

from a chemical (leachable) approach. 

2.2 laboratory Physical Tests 

In addition to being chemically suitable, the a~ernative materials must meet specific physical criteria. 

In April, 1992, ASF began physical testing of the proposed a~ernative materials in order to determine 

the optimum ratio of sand to sludge which would yield a permeability of 1 x 10'7 em/sec. Separate 

samples of the sludge and spent sand were tested for moisture content, specific gravity and grain size 

distribution. Additionally, atterberg limits were run on the sludge. After a series of trial mixtures, a mix 
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w~h a ratio of 30% sludge and 70% excess foundry sand yielded an average Falling Head 

Permeabil~ of 8.4 x 1 o.o em/sec. The 30:70 mix was also tested for moisture content, grain size 

distribution, modified proctor, Atterberg Umtt and specific grav~. All physical laboratory test results 

are in Appendix B. 

In order to confirm the hydraulic conductiv~ result, a second round of complete testing was begun in 

March, 1993. All test results were comparable to the first round of testing. Production processes 

which result in the excess sand and sludge waste streams have remained constant over the last five 

years. See Table 1 for comparisons of data. Based on the physical testing data (and consistency of 

production process waste streams (sludge, excess sand)), it will be possible to construct a compacted 

layer composed of 30% sludge and 70% excess foundry sand which will yield a maximum hydraulic 

conductivity of 1 x 1 o·' em/sec. 

2169.06:RTZ:AMEA0504 4 
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SAMPLE 

Grain Size 
Distribution 

%Gravel 0.1 1.1 7.1 2.3 0.0 0.6 

%Sand 43.1 53.8 81.2 89.0 82.4 80.6 

%Silt 20.4 20.1 7.3 6.3 6.5 9.6 

%Clay 36.4 25.0 4.4 2.4 11.1 9.2 

Atterberg Limits 

LL 62 82 24 24 

PL 25 36 17 19 

PI 37 46 7 5 

Specific Gravity 2.70 2.99 2.98 3.05 

Moisture% 68.9 48.9 4.0 14.8 16.9 24.1 

Permeability 
8.4 X 10·• 8.5 X 10-9 

Modified Proctor 
Optimum 8.7 10.3 
Moisture% 
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Section 3 

TEST FILL DESCRIPTION 

3.1 24-lnch Compacted Layer 

During the test fill construction for the 24-inch compacted layer, the primary objective will be to 

confirm that the required soil property specifications can be consistently met wtth the proposed 

alternative materials, and with the construction equipment and procedures that are to be used during 

full-scale construction. Field variables will be carefully measured and controlled in the test fill. These 

variables include the following: 

• Adequate mixing of alternative materials 

• Compaction equipment 

• Number of passes of the compaction equipment 

• Method used to breakdown clods before compaction 

• Method used to control and adjust moisture content 

• Speed of the compaction equipment traveling over the liner 

• Uncompacted and compacted lift thickness 

In order to meet the objective, an area 50'x150' was surveyed and marked on a level area in the 

southeast corner of the Sebring Landfill (see Figure 1). A portion of this area, 50'x 100', will be used 

to construct 24-inch compacted layer test plot. The compacted layer will cpnsist of a 2-foot-thick 

compacted material placed over the landfill sulface. 

The materials to be used for construction of the test fill are currently being segregated and stored by 

ASF at the landfill for beneficial re-use. These materials consist of excess foundry sand and sludge 

from the sand washing operation. 

3.2 6-lnch Topsoil Layer 

During the test pad construction for the 6-inch topsoil layer, the primary objective will be to confirm 

that excess foundry sand, with addttions of soil conditioner, fertilizer and seed, can support adequate 

vegetative growth to meet the requirements of a topsoil layer. Field variables will be carefully 

measured and controlled in the test pad. These variables include the following: 

2169.0B:RTZ:AMER0504 6 
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o Use of soil condttioner and, if necessary, rate of application 

• Rate of fertilizer application 

o Rate of seed application 

• Type of seed used 

• Method of application for conditioner, fertilizer, and seed 

In order to meet the objective, a portion of the surveyed area, 50'x 50', will be used for the 6-inch 

topsoil test pad. The topsoil layer will consist of a minimum of 12 inches of select foundry material 

placed over the landfill surface. Although the Closure Plan stipulates 30 inches of cover soil for a root 

zone for long term erosion protection and for freeze/thaw protection of the drainage and composite 

barrier layer, 12 inches will be adequate for the purposes of the test plots. 

2169.08:RrZ:AMEA0504 8 
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Section 4 

TEST FILL CONSTRUCTION 

4.1 24-lnch Compacted Layer 

A site representative will be on-site during construction of the test fill in order to document 

construction activities. Actual compaction equipment is not specified in this test fill plan. The 

contractor, to be chosen at a future date by ASF to perform the work, will be responsible for providing 

compaction equipment that is capable of obtaining the specnied permeability requirements. 

Construction of the compacted liner test plot will begin by clearing and grubbing the test fill area of 

roots, vegetation and other unsuitable material. Proof-rolling with heavy equipment will be performed 

in an effort to identny areas of unsuitable material prior to placement of the first lift. The on-site 

representative will observe the existing ground surface to document that no excessive moisture, 

unsuitable material, or other irregularities are found in the test fill material. The subbase grades of the 

test plot area will be surveyed in order to document the elevation of the base of the test fill. 

The on-site representative will observe and document the mixing percentages of the select foundry 

excess sand and sludge, the moisture content, and the removal of any unsuitable materials. The test 

plot shall be comprised of at least four compacted lifts. The atternative material mixture will be placed 

in less than 12-inch thick loose lifts. 

During construction of the liner, in-field density and moisture content tests will be performed in various 

locations for each lift, including the full thickness of the first lift, to demonstrate the ability to place and 

compact the material to the required specnications. The frequency of the density and moisture 

content testing, along with other field and laboratory testing is discussed in Section 6 of this 

addendum. 

Fill placement and compaction means and methods will be carefully documented by the on-site 

representative. Also, the on-site representative will closely observe and document the thickness of the 

uncompacted (loose) and compacted lifts, the physical properties of the test fill material, the 

characteristics of the construction surface under the compaction equipment, (i.e. equipment 

penetration, pumping, and cracking). 

2169.08:RTZ:AMER0504 9 
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Holes left in the material from the probe of the nuclear density-moisture gauge will be filled with dry 

sodium bentonite. Holes left in the test fill from the removal of undisturbed samples using Shelby 

tubes shall also be filled in with dry sodium bentonite. Although the methods used in the repair 

process will be documented, the repair process will not be necessary during full-scale liner 

construction since destructive testing is not planned on the actual in-place compacted layer. Upon 

completion of the 2-foot clay material liner, the final surface of the test fill will be rolled smooth to 

facilitate drainage. 

Immediately following completion of the liner and prior to performing the field hydraulic conductivity 

testing, a portion of the liner will be removed and the freshly compacted fill will be examined for 

evidence of defects such as lift separation or inadequate clod compaction. The area will then be 

reconstructed and retested to evaluate the means and methods for recompaction of defective portions 

of the full-scale liner. 

4.2 6-lnch Topsoil Layer 

A site representative will be on-site during construction and planting of the vegetative test plots in 

order to document start -up activities. A total of three test plots will be laid out. Excess foundry sand 

which has been screened to remove any unsuitable material will be spread out over the test plots to 

an average depth of 12 inches. 

Three seed species have been chosen for planting. The test species are: 

Test 1 

Kentucky Blue Grass 30% 

Kentucky Fescue 60% 

Perennial Rye Grass 1 0% 

Test 2 - Athletic Lawn Seed Mix 

Creeping Red Fescue 25% 

Kentucky Blue Grass 14% 

Kentucky Tall Fescue 49% 

Annual Ryegrass 12% 

2169.08:RTZ:AMEA0504 1 Q 
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Test 3 - Emerald Crownvetch 

Pure Seed 99% 

MAY 1993 
FINAl 

Peat shall be added to each test plot as a soil conditioner. The peat shall be moss peat. It shall be 

finely shredded, consist of 90% organic moss peat, be brown in color and suitable for horticultural 

purposes. 

No seed shall be used on the work later than one year after the test date which appears on the label. 

Fertilizers shall be standard commercial products. No cyanide compounds or hydrated lime shall be 

permitted in mixed fertilizers. The fertilizer shall be supplied in a finely ground form which is suitable 

for application by power sprayers. 

Mulching material shall consist of any straw, hay or other suitable material of a similar nature which is 

substantially free of noxious weed seeds and objectionable foreign matter. 

The seeding, fertilizing and mulching operations shall not be performed during periods of excessively 

high winds which would preclude proper placing of seed, fertilizer and mulch within the specified test 

plots. 

Moss peat shall be spread at the rate of 2 inches over soil material and shall be incorporated into the 

top 6 inches of soil by rototilling or other appropriate equipment. The seed shall be applied at the 

rate of 9 pounds per 1 ooo square feet. Immediately before seeding, the areas to be seeded shall be 

worked with discs, harrows or other appropriate equipment, if necessary, to make the seed be 

reasonably loose and even. The seed shall be sown by a hand held mechanical sprayer. 

Fertilizer shall be spread at the rate of 20 pounds per 1000 square feet for a 12-12-12 (nitrogen, 

phosphoric acid, potash) variety. Previous work by RMT has indicated that typical foundry material 

used for revegetation requires 20 lbs/1000 sq.ft. for adequate growth (RMT, Falk Corporation landfill, 

Foundry Waste Revegetation Analysis, 1987). The fertilizer shall be spread by a hand held 

mechanical spreader. 
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Seed and fertilizer will be lightly raked into the revegetation mix. Mulch shall be placed uniformly over 

the area and shall be loose enough to allow some sunlight to penetrate and air to slowly circulate, but 

thick enough to conserve soil moisture and prevent or reduce erosion. Within these limits, the on-site 

representative will determine, on the job, the rate of application of the mulch. All test plots will initially 

be watered by hand. 

2169.08:ATZ:AMEA0504 12 
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Section 5 

FIELD AND LABORATORY TESTING 

5.1 Field Testing for 24-inch Compacted Layer 

Due to the relatively small size of the compacted layer test area, sampling frequencies are intensified 

solely for the purpose of demonstrating repeatability of results. The on-stte representative will perform 

the in-field moisture-density tests and collect samples for laboratory analysis. The on-site 

representative will be certified by the nuclear density-moisture gauge manufacturer to operate the 

gauge. A report that documents construction methods and materials and testing results of the test fill 

construction will be prepared by a professional engineer and submitted to the OEPA. 

Testing will be performed in accordance with available ASTM procedures. The following field testing 

methods will be used by the on-site representative during test fill construction: 

Parameter Method 

Moisture Content 

Soil Density 

Shear Strength 

Hydraulic Conductivity 

ASTM D3017 

ASTM D2922 Method B 

None Available - use pocket torvane device, pocket 

penetrometer, field vane, or similar device 

Sealed double-ring infiltrometer (ASTM D5093) or two

stage borehole permeameter (Method currently being 

developed by ASTM) 

For each of the compacted liner lifts, a minimum of three moisture-density tests per lift will be 

performed to document that the means and methods of construction can consistently achieve the 

required moisture-density specifications. 

Two field strength tests will be performed on each compacted lift after the field moisture-density tests 

have been performed and the acceptance criteria achieved. 

2169.0B:ATZ:AMEA0504 13 
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5.1.1 Field Hydraulic Conductivity 

Field hydraulic conductivity (permeability) testing will be performed on the final test fill surface 

at two or more locations. Sealed double-ring in@rometers (SDRI) or two-stage borehole 

permeameters will be used for this testing. 

5.1.2 Sealed Double-Ring lnfiltrometers 

Sealed double-ring infiltrometers (SDRI) consist of a sealed inner ring and an open outer ring 

that are embedded into trenches and sealed w~h a bentonite grout. The rings are filled w~h 

water, and a small flexible bag is attached to the inner ring. The entire SDRI is covered with a 

tarpaulin. Periodically, the bag is removed and weighed to determine the quantity of flow, and 

when necessary, the bag is refilled. Figure 2 shows a schematic of an SDRI. The sealed 

inner ring contains the volume of water used to measure the infiltration rate of the water into 

the liner system. The outer ring of water provides a flow of water to maintain vertical flow 

beneath the inner ring. Tensiometers are installed within the outer ring to measure the wetting 

front of the water permeating the liner system. 

During the initial start up of each SDRI test, flow through the system will be observed every 3 

or 4 hours. Weight measurements of the flexible bag attached to the inner ring will be taken 

and the bag will be refilled with water before the bag is allowed to empty. 

Initially, flow rates may be high, requiring measurements to be taken often. As the test 

progresses, the flow rate should slow and the length of time to empty the bag should increase 

to several days or weeks. Monitoring requirements will be adjusted as the test progresses to 

correspond to the reduction in the flow rate through the liner. 

5.1.3 Two-Stage Borehole Permeameters 

The two-stage borehole permeameter is a field infiltration test that is conducted in two stages, 

as a falling-head test. Stage 1 is normally conducted using a flat bottom permeameter flush 

with the base of the borehole. Once a steady-state flow condition is achieved, the borehole is 

advanced approximately 6 to 8 inches. The apparatus is refilled, and infiltration in Stage 2 

continues until stead-state flow is achieved. Vertical and horizontal hydraulic conductiv~y 

values are estimated based on the two-stage borehole permeameter test results. 

2169.08:RTZ:AMEA0504 14 
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Valid test resuks can be obtained by following proper installation techniques. A typical two

stage borehole permeameter is shown in Figure 3. The apparatus consists of casing, cap, 

standpipe, and fittings. The two-stage borehole field permeability tests will be performed 

following proposed ASTM standards similar to the procedure presented by Gordon P. Boutwell 

(Boutwell, 1992). 

Analysis of data collected from the field hydraulic conductivity tests will be performed to compare the 

resutts to the maximum hydraulic conductivity requirement. 

5.2 laboratory Testing 

Laboratory testing of the low-hydraulic conductivity material will be performed on samples of the 

compacted layer fill mixture and on in-place-compacted fill. The on-site representative will collect a 

minimum of two samples from the alternative material mix to determine soil characteristics prior to 

constructing the 2-foot compacted layer. These samples will be subjected to testing to meet the 

requirements of OAC 3745-30-17(D). Laboratory testing to determine soil characteristics will include 

the following: 

Parameter 

Moisture/Density Relationship 

Grain-Size Analysis 

Moisture Content 

Atterberg Limits 

Test Method 

ASTM D1557 or ASTM D698 

ASTM D422 

ASTM D2216 

ASTM D4318 

Section 2.2 of this addendum describes the results of physical laboratory tests already performed in 

order to determine a suitable mixture of the atternative materials. A minimum of six undisturbed 

samples will be taken per lift of the test fill. The samples will be submitted to the laboratory for the 

following tests: 

2169.0B:ATZ:AMEA0504 
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Moisture Content and Dry Density 

Atterberg Limits 

Grain-Size Analysis 

Hydraulic Conductivity 

Compressive Strength 

16 

Test Method 

ASTM D2216 or D4643 

ASTM D4318 

ASTM 0422 

ASTM 05084 

ASTM 02166, 02850 or 04767 
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The undisturbed laboratory hydraulic conductivity test resutts will be compared to the field hydraulic 

conductivity test resutts. Laboratory compressive strength values will be compared to the field shear 

strength test resutts and will be used to confirm the strength values used in the design stability 

analysis. 

216S.OB:RTZ:AMEA0504 18 



RMTREPORT MAY 1993 
ASF - LANDFILL CLOSURE PLAN - ADDENDUM 1 

Section 6 

POST-CONSTRUCTION ACTIVITIES 

6.1 24-inch Compacted Layer 

FINAL 

Post-construction activities will be performed on the test fill to assess the physical condition of the test 

fill materials after installation and completion of the field hydraulic conductivity testing. 

After completion of the field hydraulic conductivity tests, potions of the test fill will be removed to 

expose a cross-sectional area of the test fill. The compacted fill will be assessed for evidence of lift 

separation, inadequate clod compaction, and moisture condition at varying depths. Additional testing 

will be performed at the discretion of the on-site representative. Observations and photographs will be 

taken to document the conditions resutting from the used of the compaction equipment and material 

placement method. 

After the resutts of the field and laboratory tests have been obtained, the test fill construction will be 

evaluated to determine the construction specifications for full-scale compacted layer placement. The 

acceptable range for moisture content, density and number of passes of equipment will be 

determined. 

Concluding the construction of the test plot, a documentation report will be prepared and submitted to 

the OEPA. The report will document the major features of the construction and serve as a reference 

on the quality of construction. The report will include a summary of daily activities with documentation 

on construction quality, soil testing, lab analysis and photographic documentation. The report shall 

include a summary of all field and laboratory analyses with discussion and interpretation of soil test 

data. 

6.2 6-inch Topsoil Layer 

After initial planting, the germination time, plant development and growth rate of the test plots will be 

documented with photography. The number of days until germination will be recorded and 

documented with photographs. After germination, test plots will be photographed weekly. 

If necessary, due to dry weather conditions, the test plots may require additional watering. The 

amount of water applied will be the same for all test plots, and shall be documented. 

2169.08:RTZ:AMER0504 19 
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A letter report will be submitted upon completion of substantial growth in the fall of 1993. In the 

spring of 1994, the growth will be evaluated for stability and overall root penetration. The reports will 

include photographic documentation and discussion of the best seed mix for use in closure. 

2169.08:RTZ:AMEA0504 20 
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Appendix A 

SlUDGE ANALYSIS FOR ARSENIC 

2169.0B:ATZ:AMER0504 



CLIENT: ASF 
SAMPLE #: 1408-001 
PROJECT #: 02169.10 
WORK ORDER #: 1408 

PARAMETER 

Arsenic 

Sample weight, total 
Initial pH 
Final pH 

INC 

LA BORA TORIES 

REPORT DATE: 05/12/93 
COLLECTION DATE: 
STATION ID: SLUDGE 

EP WATER ANALYSIS REPORT 

RESULT UNITS 
====== -----

0.0068 mg/L 

100.0 gm 
9.8 su 
9.3 su 

REVISED/REISSUED report to reflect unit change per request 
of client. 

Approval Signature 
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Appendix B 

PHYSICAL LABORATORY REPORTS 

2169.06:RTZ:AMER0504 



FROM: I.J'lE RMT LAB TO:RMT-SCrlAUMEURG APR 20. 1SS2 2:28PM P.0S 

RI-!T Soils Laboratory • Att:erberg Limi~ Determinacion 

PRCJ:':CT: A.'1£.'UCAN STEEL FOUNDRY 

JOB#: 2169,06 

BORING: SLUDGE 

TARE 
BLOWS 
WET WT 
DRY WT 

% WATER 

Tech 
Input: 

DE?TH: 

LIQUID 
I·· ·LI!-!IT--- ·I 

113.84 114.41 
26 27 

141.92 140.58 
131.22 130.64 

61.9 61.8 

PZ 
Tl1K 

OVEN 
LL 

04jl4/92 
04/18/92 

PL;STIC 
LIMIT 

BORING 
DEPTH 

LL 
PL 
PI 
CLASS 

SLUDGE 

62 
25 
37 

CH 

114.50 +··········--------------·+ 

161.07 
151.63 

25.4 



/ 
RMT Soils Laboratory - Atterberg Limit Determination 

PROJECT: AMERICAN STEEL FOUNDRIES 
Tech : 

JOB#: 2169.10 Input: 
HJW 
DEW 

By 
04/01/93 QC ,(f.Jt<J 
04/12/9 3 QA -'V,!!.f)ji"-----

Date 
9'- /d -f.] 
'r-15-fJ 

------------------------------------------------------+-------------------------+ 

BORING: Mix 3, 30% Sludge/DEPTH: 
70% Sand Mix 

LIQUID 
I ---LIMIT---- I 

TARE 115.04 114.95 
BLOWS 27 28 
WET WT 153.80 153.40 
DRY WT 146.36 146.04 

% WATER 24.0 24.0 

OVEN PLASTIC 
LL LIMIT 

115.45 

163.77 
155.92 

19.4 

BORING Mix 3, 30% S1udl 
DEPTH I 

LL 
PL 
PI 
CLASS CL-ML 

I 
24 1 

19 I 
s I 

I 
+-------------------------+ 

------------------------------------------------------+-------------------------+ 



RMT Soils Laboratory - Atterberg Limit Determination 

PROJECT: AMERICAN STEEL FOUNDRIES 
.Tech : 

JOB#: 2169.10 Input: 
HJW 
DEW 

By 
03/24/93 QC ilto 
03/29/93 QA _,dlL'f}L· __ 

Date 
3->o--'1; 

3--3)-')J 

---------------------·---------------------------------+-------------------------+ 

BORING: Sludge 

TARE 
BLOWS 
WET WT 
DRY WT 

% WATER 

DEPTH: 

LIQUID 
I---LIMIT----I 

115.04 
23 

137.46 
127.30 

115.42 
23 

137.92 
127.70 

82.0 82.4 

OVEN PLASTIC 
LL LIMIT 

114.36 

171.84 
156.59 

36.1 

BORING Sludge 
DEPTH 

LL 
PL 
PI 
CLASS CH 

82 
36 
46 

+------------------------ -+ 

------------------------------------------------------+-------------------------+ 



RMT Soils Laboratory - Atterberg Limit Determination 

PROJECT: ~JiERICAN STEEL FOUNDRIES 
Tech : 

JOB#: 2169.06 Input: 
HJ\J 
TMK 

04/23/92 
04/28/92 

QC JfJ__ 
QA ___Jjl__ 

------------------------------------------------------+-------------------------+ 
BORING COMPOSITE OF 
DEPTH (30:70) 

BORING: COMPOSITE OF DEPTH: (30:70) 
SLUDGE+SPEND SAND LL 24 

LIQUID OVEN PlASTIC PL 17 
1--.-LIMIT----1 LL LIMIT PI 7 

ClASS CL-ML 
TARE 114.15 115.44 115.27 +-------------------------+ 
BLO\JS 27 28 
\JET \JT 148.04 148.93 188.86 
DRY \JT 141.59 142.57 178.10 

% \JATER 23.7 23.8 17.1 

------------------------------------------------------+-------------------------+ 



FROM: LAB RMT LAB TQ:RMT-SCHAUMEURG APR 20. 1992 

~~T Seils Laboracory - Specific Gravity Determination 

.:ROJECT: AMERICAN STEEL FOUNDRIES 
Tech: 

JOB #: 2169.06 Input: 

FL~SK VOL @20 C 1000 
AIR R£~0VAL VACUUM 

HJ\.1 
JPH 

QC j)/~ ~<-1.. 

04/15/92 QA ~ r, 1.. 

04/18/92 I 

-.- ·--- ·---.----·I·-.-.------- ...... -.- ... -........ -- ..... -.- .. --.----- ...... . 
BORING # I SLUDGE SPENT CONSTRUCTION 
SAMPLE # I FOUNDRY SAND 

DEPTH I SAND 

I 
WT FLASK+H20 I 1618.7 1553.3 1616.2 
-~DRY SOIL I 78.6 138.1 124 
\.IT FLASK+SOIL+H201 1668.2 1645.3 1690.9 
TEMP C I 22.5 22.5 22.5 
·----------------l---------------·-----------·-···-·---------------------·--·-

1 

SPEClFlC GRAVITY I 2.70 2.99 2.51 

---·-------------1·-----·---·------·-··················-·····-----------······ 

2:27PM P.04 



TO:RMT-SCHAUMEURG APR 20, 1992 2!27PM P.02 

RH! Soils Laboratory - Moisture Content Determination 

Tech: DEC 04/lS/92 QC ..i}!__ 'I zq L 
PROJECT: .~RIC&~ STEEL FOUNDRIES by, ~t 

JOB#: 2169.06 Input: JPH 04/18/92 QA ~ ~ 

~·-------------------------~~~--~·-••4a••••~vG•••v•~--~------.--a-•••• &A 
BORING SAJ-!PLE DEPTH TARE WET '""T DRY \iT ~ MOISTURE 

SLUDGE 
SPENT FOUNDRY SAND 
CONSTRUCTION S&~D 

110.43 
109.60 
11 i. 70 

1340.30 
1556.20 
1221. 60 

838.50 
1500.00 
1155.00 

68.9 
4.0 
6 ~ 4 



/ 

GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

·N . .5 5 .:; 
;; c c' c 

0 0 0 0 
0 0 

~ - ~ ~ N <D ~ 0 

.!. ~;;; '' ~ "' ~ <D N 

100 <D "' N -"' .. .. .. .. .. .. "' 
' r""' ~ ~ 90 

80 I 
' I~ 

70 
IT 
w ' 
~ 60 
lJ_ ' 

~50 ' 
w 
u ' 0: 
w 40 ' ' 
11. 

' ' ' 30 ' 

' ~ 20 

\ ' 
10 

' ' ' .; 

0 ' ' 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

!rest %+75mm % GRAVEL % SAND % SILT ~ CLAY ~ 

• 16 0.0 2.3 89.0 6.3 2.4 

LL PI Ds5 Dso 050 D3o 015 010 Cc Cu 

• 0.55 0.31 0.27 0.200 0. 1365 0.0861 1.48 3.6 

I 
MATERIAL DESCRIPTION uses AASHTD 

• 

Project No.: 2169.10 Remarks: 

Project: AMERICAN STEEL FOUNDRIES 

• Location: Sand Mix 50/50 

Date: 03/30/93 

GRAIN SIZE DISTRIBUTION TEST REPORT 

RMT. INC_ Figure No . .. 
. 



TO:~MT-SCHAUMEU~G 

GRAIN SIZE DISTRIBUTION TEST REPORT -
< c ., -< < < ' c 
q N "' 0 ., 

~ g c 

~ - - - ' ~;;, ~ N 
q 

!00 "' "' N - - "' • ~ • • • • 

ill: I I 
I. 

1: 
·t! 

I 
: i I 

II II' r· 1\i 1
1

1: I 
' ' 

II l i: II I 
I 

I I. I I 'i I I ! 90 ' I: I 
' 

·II 
I• I. lo I·' 

I I J.l I ' 
'I I I 

I 
I 

I I I. I 'I 

~ 
., . 

I 1: ' II ' :; 

I 80 ' I I :!1 

I I I 11 

I' ffijt I I I:! 

~ I \ :j I I I 
I i l I ~ 

I I ·I 

I 1 ~~ I 70 -1 . .:.1 I . 

'J I ll 
' . ' . 

\ ' 
I 

I. I 

II 
a: 

i : 
I : 

w 
I 

I ' 
I 

~ 60 ' I I : I I . 

lL 

II 
I 

11 I: i:i I I i I 'I I' I ' :I :J ' ,_ I I I z 50 ' :! ' 
w ' II t 

f 

I 
I 

I ~ I u ' a: 
40 I ; : r-....... w 

0. l I li w 
' 

I II I : 
I 

r-- "";-..... ' : H I'. 30 : : 
" I 

I I I· I. 
I·' I . i J 

·!! . I 

I I I tl ' I 'II ' I I ~l ! ~ I I 20 I 
: 

I 
' ; 

II I ~ • 
: :i 

I 
I I 

I 
I 
I 

I iO ; I 
; 

I j: J. I I 
I : I I l ; 

I = 
I I 

1: ' ' I 
0 ' ' 
200 100 10.0 1.0 0.!. 0.01 0. 001 

GRAIN SIZE - mm 

!TEstl%+75mm % GRAVEL % SAND I ~ SIL.i ~ CL.AY 
' ~ ~ 

• i i I 0.0 O.i .d 3 . 1 I 20.4 36.4 

I ! I I 
I 

I I I I I I 

L.L I Pl I Os5 0 60 050 030 015 o!o Cc Cu 

• 62 I 37 I 0. 18 0 10 0.03 
' 

' I i I I I : I ; I I I 
I I ! I I I I r I ' 

1-lATER!AL DESCR!Pi!ON I uses I AASHTO 

• Sandy fat clay CH •. 

Project No.: 2169.06 Remarks: 

Project: AMERICAN STEEL FOUNDRIES 

• Location: SLUDGE 

Oate: 4-!4-92 I 

GRAIN SIZE DISTRIBUTION TESi REPORT 

RMT, INC_ ... 
Figure No. 



FROM: LRB RMT LRB TO=RMT-SCHAUMBURG 

GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c d c 

d '"' - -c c ' c 
0 0 

0 0 - - - - ~ "' "' il 0 • !il ' ' '' • ~ "' ~00 "' "' N - - "' - "' • • • • • • • 

I II 
,~ .... , 

.J..i II i ! ' 
I 

11 1 I I I 
I II I ' I Iii I I ~,~ I cl ! 90 f I l 1·, . I 

:~-; ; " ' ' I 

I I ' I 'Ill' It-m I I I 

I 
' 

Ill ! I I I ' I I I 
i i I :I 

I 

I I I 
80 I I I 

II I: I II' i '' i I ,,IW' : 

I I I I 1 i 1 

i 

I I 
I : 

I I ' I I! , ~1 1 ' I I J I : I I I 
70 : I' 1- ! ' :I I ! : I 1 I I I 

cr 
Iii' I lli-' II ' 

I 11.1 I !I\ I • ! II' I I i 
I II I I I 

I' 

I 
I lJJ : 

r - I I z I - ,, I , - ' '"" 60 
-

LL I' I I II I I !I 
: 

I I I I I 
r 1: I I 1-- -o - I 

' : ! ! z 0 ' 

w 

I I: 1- ~Ill 1: I 
I I . II I\ I 

: 

I 
i I 

(J ' I I i i 
a: : I i I w -'10 ' ' 
[J._ : 

I I Iii'~ I 
I' 

I I·' I. I II 
I 

J: l I 
30 !: l I 

: 

I. I 
r.1 II. I ~ 

' , I I ' ! ' : I I 20 I' I 

II I~ I I . : 

~I ll I l'f I I II I 
I I I I 

. l 

w : ' 
I 

Ill! 
,. 

I· I ,,. Ill' 
; I Ill I 

I 0 ' : I ! II II I I I I 

200 wo 10-0 1.0 0.! 0. Oi 0.001 
GRAIN SIZE - mm 

h-sst "'+7" I w GRAVEL. I " SAND I ~ SILT ~ CLAY ' Ill ....J::IIIII ~ • "' "' i 

•I i2 0.0 I 7.1 I 61 '2 7.3 4_4 

I 
I 

LL I I' I Ds5 I Dso D5o D3o DHS 010 Cc l Cu 

• I 0.84 I 0.32 0.28 0. 196 0.1142 0.0672 1. 79 I ~.e 
I 

I ! I i 
I I ! I I I I 

' ' ! 

MATERIAL DESCRIPTION uses I AASHTO I 
• 

Project No.: 2169.06 

I 
Remarks: 

Project: AMERICAN STEEL FOUNDRIES 

• Location: SPENT FCUNORY SANO I 

Date: 4-14-92 

GRAIN SIZE OlSTRIBUTICN TEST REPORT 
<" 

RMT. INC. Flgvre NO. 



-
~~ 

RMT, Inc. 7/l;r-
Falling Head Permeability Test 

(Version 1. 02) 
Job: AMERICAN STEEL FOUNDRIES Date: 15-May-92 

Job ...... 2169.06 Tech: HJw 
~-

Sample: COMPOSITE OF SLUDGE & SPENT File: ASFOl 
SAND (30:70) Cc:;ll ~- 2P ~-

Visual Descript: 
**INPUT VALUES** 

INIT. FINAL 
Sample Dia. (in) 2.50 2.49 Penneant: wATER 
Sample Ht. (in) 2.29 2.26 Permeant Specific Gravity: 1.00 
Tare & wet (g) 420.0 503.6 Sample Specific Gravity: 2.98 
Tare & Dry (g) 366.2 445.4 Confining Pressure (psi): 100.0 
Tare (g) 0.0 79.5 Burette Diameter (in): 0.250 
Sample wt. (g) 420.0 424.1 Burette zero (em): 100.0 

**CALCULATED VALUES** 

MOISTURE (%) 14.7 15.9 ~~IMUM GRPJDIENT: 14.0 
WET DENS. (pcf) 142.3 146.8 AVERAGE GRADIENT: 12.9 
DRY DENS. (pcf) 124.1 126.7 MAX. EFFECT. STRESS (psi): 6.1 
SATURATION (%) 87.9 101.2 MIN. EFFECT. STRESS (psi): 4.7 

AVE. EFFECT. STRESS (psi): 5.3 
---------------------------------------------r----------------------------------

Date Time Temp Press. (psi) Readings (em) Flow Dif. Kv ** Ave. 

YY MM DD HH MM Co* BOT TOP CHAM BOT TOP % em/sec 0,1 

--------------------------------------------------------------------------------
92 4" 30 13 40 0 95 95 22.30 3.20 97.80 
92 4 30 14 21 21 95 95 22.90 3.35 97.50 -33.3 
92 4 30 15 11 21 95 95 23.80 3.50 97.50 100.0 
92 4 30 16 10 21 95 95 23.75 3.65 97.55 200.0 
92 5 1 7 33 20 95 95 27.50 4. 90 97.00 38.9 
92 5 1 15 45 22 95 95 29.00 5.70 96.75 52.4 
92 5 4 7 14 20 95 95 31.45 9.10 94.35 17.2 
92 5 4 16 23 22 95 95 30.90 9.65 94.00 22.2 
92 5 5 7 18 19 95 95 31.45 10.30 93.45 8.3 
92 5 5 16 7 23 95 95 32.60 11.00 93.35 75.0 
92 5 6 7 17 19 95 95 31.75 11.50 92.65 -16.7 
92 5 6 16 4 22 95 95 32.80 12.15 92.55 73.3 
92 5 7 7 31 20 95 95 32.95 12.70 91.90 -8.3 
92 5 7 15 10 0 95 95 33.30 13.20 91.60 
92 5 8 9 45 0 95 95 34.10 13.95 91.00 
92 5 8 15 20 21 95 95 33.80 14.30 90.90 55.6 
92 5 11 7 18 20 95 95 36.45 17.15 88.80 15.2 
92 5 11 16 36 21 95 95 36.50 17.60 88.55 28.6 
92 5 12 6 57 20 95 95 37.65 18.20 88.00 4.3 

NOTES or COMMENTS : 

Average Kv for those rows with a 1 in the Ave. column 
Termination determined by stable Kv and low flow differential 
* A zero in this column starts a series. of measurements 
** Kv adjusted for temperature 

5.5E-08 
l.SE-08 
8.5E-09 
1. OE-08 
1.1E-08 
8.5E-09 
9.1E-09 
7.9E-09 
8.4E-09 
8.0E-09 
8.1E-09 
7.8E-09 1 

8. 2E-.09 1 
8.4E-09 1 
8.3E-09 1 
9.2E-09 1 

8 ._4E-09 em/sec 
3.3E-09 in/sec 



RMT Soils Laboratory - Specific Gravity Determination 

.Jl.OJECT: AMERICAN STEEL FOUNDRIES 
Tech: 

JOB #: 2169.06 Input: 

FLASK VOL @20 C 1000 
AIR REMOVAL VACUUM 

DEO 
JPH 

QC 
04/27/92 QA 
04/27/92 

-----------------1------------------------------------------------------------
BORING # !COMPOSITE 
SAMPLE # I OF SLUDGE 
DEPTH I & SPENT SAND 

1(30:70) 
WT FLASK+H20 I 1604 
WT DRY SOIL I 186.29 
WT FLASK+SOIL+H20! 1727.7 
TEMP c I 21.5 
-----------------!------------------------------c-----------------------------

1 
SPECIFIC GRAVITY I 2.98 
-------·---------1------------------------------------------------------------



PROCTOR TEST REPORT 
iL!O 

I I I I I I I I I I I I \l I I I I I I I 
I I I I I I I I I 1'\ I I I I I I I 

I I I I I I I I I I I I I I I I 
I I I ' .,.,. 

I I I .......... 1\l I I I I I ...... 
I I I Y1 I I ' I N 1'\ I I I I I ' I 135 ! I 
I I y I I I I I I I N I I I 
I I VI I I I I I I I I I I 1'- \l I I I I 

I IY I I I I I I I I I I I I 1'\' I I I I I 
I 1/'i I I I I I I I I I I i'\ I I I I I 

~ i30 II I I I I I I I I I I I I I I I I I I 
' I I I I I I I I I I I \ I u I a 

I I I I I I I I '\ 
" I I I ' -'"' I I I I I I I -()] 

I I I I I I I I I I I I \ c 
125 QJ 

I I I I I I I I I I 1'\. u 

" I I I I I I I I I I I 1\. '-
0 I I I I I I I I I I ' I I I I I I I I I ZAV for 

I I I I I I I I I I I I I Sp .G.~ 
120 

I I I I I I I I I I I I f I I - C"i c ........... 

I I I I I I I I I I I 
I I I I 

I I I I I 
115 I I I I I I I I 

2.5 5 7.5 10 12.5 15 17.5 

Water content. % 

uModified~ Proctor. A5TM 0 1557, Method A 

Elev/ Classification Nat. I Sp. G. LL PI 
% > % < 

Depth uses A ASH TO Moist. No.4 No.200 

SC-SM 15.9 % 2.98 24 7 0 % 17.6% 

TEST RESULTS MATERIAL DESCRIPTION 

Optimum moisture = 8.7% Silty, clayey sand 

Maximum dry density ~ 137.3 pcf 

Project No.: 2169.06 Remarks: 

Project: AMERICAN STEEL FOUNDRIES 

Location: COMPOSITE OF SLUDGE 

& SPENT SAND (30: 70) 

Date: 4-23-1992 

PROCTOR TEST REPORT 

RMT Inc. Figure No . 
~ 

. • 



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c c c 
• • N _. _. 

c c;;c--...c oo 
_,_......,_.~Nill 0 C 0 0 "'1"0 

I ...._,...._ -::- - N-:' tD ~C\1 

i 00 ~~ -rrrm::;..;N'T--;-;-:----;'-m'----IT-r-~ ~~~~ -,;-:;T~ i""T"T~---,-:'~:.,.--;:,~ Ti-r-' ~,------;-n-~-,--------; 

90 I I II lilt --l&l I I IIIII I I II II I I I 

80 • I I I IIIII I Ill~ I II II I I 1
1 

Ill 
1 

I 

70 • I I 11111111 I IIIII I\ I IIIII I II II I 

~ 60< I II II Ill I I II II l1\ I I I II II I I 

~ 50 Ill I 1111111 I II II I\ IIIII I Ill I 

~ 4 0 1-----'--+lf++JI f--+---i-+1---f------'-1 .---!++-HI I 1-+-+-+1 1-+-1 ----+H--tlll+++l -i--"--1\-1 I ---++++++-+II -+--+1----++++++1 ++-1 +----: 

0... 30 ~H--+1 -+-----'.--+t+HI -+-+-+1 --+-1 -----+++11 +++I -t-'--t--1 \-\-----+HI H+++-+----+1----++++++++-1 +-----! 

20 I I I I II II I\ I II I 

10 L-Jillill_UI-n! uu•ull -k-1 J!lllllllU-l-_JlJ_UJ1

Jj:1 :t:1 j$6WilJI _JI 
I ll I Ill I I II I II I 0 • 

200 100 10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

Test %+75mm % GRAVEl I % SAND I % SILT I % CLAY I 
• 20 1 o. o o . o i 82.4 6.s 1 11.1 I 

LL PI Des Deo I Dso D3o I D15 D!O Cc I Cu 
• 24 7 D.41 o.26 1 o.22 o.149 jo.o43o o.oo28 30.44 92.6 

! I I I I 
I I I I I I I 
MATERIAL DESCRIPTION uses AASHTO 

• Silty, clayey sand SC-SM 

Project No.: 2169.06 Remarks: 

Project: AMERICAN STEEL FOUNDRIES 

o Location: COMPOSITE OF SLUDGE+SPENO SAND(30: 70) 

Date: 4-23-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

RMT. INC_ Figure No. " 



/ 
RMT Soils Laboratory - Moisture Content Determination ' 

PROJECT: AMERICAN STEEL FOUNDRIES 
~z !ii-· Tech: DEO 04/23/92 QC ~ , 

JOB#: 2169.06 Input: TMK 04j23j92 QA ~ ~T.I.!ft"P--

-------------------------------------------------------------------------
BORING S&~LE DEPTH 

COMPOSITE OF SLUGDE 
& SP~l SAND (30:70) 

TARE i<"ET WT DRY liT 

108.26 1136. so 988.40 

% MOISTURE 

16.9 



/ 

RMT, Inc. 
Falling Head Permeability Test 

(Version l. 02) 
Job: AMERICAN STEEL FOUNDRIES Date: 03-May-93 

Job#: 2169.10 Tech: HJW 
Sample: MIX 3,30% SLDG/70% SAND MIX File: AMEROl 

Visual Descript: 

Sample Dia. (in) 
Sample Ht. (in) 
Tare & Wet (g) 
Tare & Dry (g) 
Tare (g) 
Sample Wt. (g) 

MOISTURE (%) 
WET DENS. (pcf) 
DRY DENS. ( pcf) 
SATURATION (%) 

@90.6% MP, +4.2% MC Cell #: 175 

INIT. 
2.75 
2.30 

425.3 
407.9 
287.3 
502.4 

**INPUT VALUES** 
FINAL 
2.75 
2. 27 

598.2 
523.4 

84.2 
514.0 

14.4 17.0 
140.1 145.2 
122.5 124.1 

84. 5. 104.0 

Permeant: 
Permeant Specific Gravity: 

Sample Specific Gravity: 
Confining Pressure (psi): 

Burette Diameter (in): 
Burette Zero (em): 

**CALCULATED VALUES** 

MAXIMUM GRADIENT: 
AVERAGE GRADIENT: 

MAX. EFFECT. STRESS (psi): 
MIN. EFFECT. STRESS (psi): 
AVE. EFFECT. STRESS (psi): 

WATER 
1.00 
2.95 

100.0 
0.250 
100.0 

15.0 
14.3 

6.1 
4.5 
5.2 

Date Time Temp Press.(psi) Readings (em) Flow Dif. Kv ** 
YY MM DD HH MM c•* BOT TOP CHAM BOT TOP % em/sec 

93 4 12 
93 4 12 
93 4 12 
93 4 12 
93 4 13 
93 4 14 
93 4 15 
93 4 16 
93 4 19 
93 4 20 
93 4 21 
93 4 22 
93 4 23 
93 4 23 
93 4 26 
93 4 27 
93 4 28 
93 4 29 

7 10 
9 3 

13 46 
16 27 

7 14 
7 27 
7 8 
7 52 
7 28 
7 45 
7 25 
7 31 
8 16 

14 27 
7 50 
8 5 
8 11 
7 53 

0 
20 
20 
22 
20 
21 
20 
20 
21 
21 
20 
21 

0 
21 
21 
21 
21 
21 

95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 
95 

95 22.70 
95 22.75 
95 23.90 
95 24.05 
95 24.70 
95 26.80 
95 28.45 
95 30.40 
95 35.80 
95 36.20 
95 36.65 
95 37.40 
95 39.90 
95 39.80 
95 42.80 
95 43.05 
95 45.80 
95 47.00 

3.30 
4.00 
5.70 
6.55 

10.55 
15.40 
19.15 
22.20 
27.80 
29.20 
30.45 
31.60 

2.45 
3.05 
8.30 
9.~5 

11.35 
12.70 

100.00 
99.20 
97.70 
97.00 
93.45 
89.30 
86.10 
83.75 
79.80 
78.75 
77.95 
77.25 
99.25 
98.75 
94.65 
93.45 
92.40 
91.30 

-6.7 
6.3 
9.7 
6.0 
7.8 
7.9 

13.0 
17.3 
14.3 
22.0 
24.3 

9.1 
12.3 
12.7 
17.6 
10.2 

5.5E-08 
4.8E-08 
4.1E-08 
3.9E-08 
3.1E-08 
2.8E-08 
2.3E-08 
1. 5E-08 
1. 3E-08 
1. 2E-08 
l.lE-08 

1. 2E-08 
1. OE-08 
8.8E-09 
8.3E-09 
8.4£-09 

EST. 

·Ave. 
0,1 

1 
1 
1 

--------------------------------------------------------------------------------
NOTES or COMMENTS 

--------------------------------------------------------------------------------
Average Kv for those rows with a 1 in the Ave. column 

Termination determined by stable Kv and low flow differential 

* A zero in this column starts a series of measurements 
** Kv adjusted for temperature 

8.5E-09 em/sec 
3.3E-09 in/sec 



RMT Soils Laboratory - Moisture Content Determination 

PROJECT: AMERICAN STEEL FOUNDRIES by date 
Tech: HJW 04/01/93 QG l!..eL 5!.:...2-?'S 

JOB #: 2169 .10 Input: DEW 04/01/93 QA JeL_ 'I:::LYY 
BORING SAMPLE DEPTH TARE WET WT DRY WT % MOISTURE 
------ ------ ------ ------ ------ ----------

Mix 1,30% S1udgej70% Fine Sand 83.97 546.42 462.44 22.2 
Mix 2,30% S1udgej70% Medium Sand 83.30 569.59 475.27 24.1 
Mix 3,30% S1udgej70% Sand Mix 83.91 548.22 458.02 24.1 



RMT Soils Laboratory - Specific Gravity Determination 

... 0JECT: 

JOB #: 

AMERICAN STEEL FOUNDRIES 
Tech: 

2169.10 Input: 

FLASK VOL @20 C 250 
AIR REMOVAL VACUUM 

HJW 
DEW 

QC 
04/01/93 QA 
04/12/93 

7-IC?-:7{3 
'i.-ff.>i} 

-----------------1------------------------------------------------------------
BORING # I Mix 3 
SAMPLE# 130% Sludge/ 
DEPTH 170% Sand Mix 

I 
WT FLASK+H20 I 351.72 
WT DRY SOIL I 23.63 
WT FLASK+SOIL+H201 367.6 
TEMP c I 20 
-----------------1------------------------------------------------------------

l 
SPECIFIC GRAVITY I 3.05 
-----------------1------------------------------------------------------------



GRAIN SIZE DISTRIBUTION TEST REPORT 
c 

c c c 
• ru 

c .:; c .5'::; 0 0 - ~ N m 0 0 0 0 ~ 0 

' .... ::.' ~ ru ~ <0 "' 100 <0 '" "'- - '" ~ ~ ~ ~ ~ ... ' r-..., ""'"-90 ' 

N 
80 

70 ·~ a: 
w 
;"; 60 
lLC ' 
f-
z 50 
w 
u 
a: 
w 40 
o_ 

' 30 \ 

20 \ 
' 

10 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

tTest %+75mm % GRAVEL % SAND % SILT ~ CLAY ~ 
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LL PI Ds5 Dso D5o 030 0 15 Dio Cc Cu 

• 24 5 0.43 0.26 0.22 0.149 0.0566 0.0075 11.43 34.8 

MATERIAL DESCRIPTION uses AASHTD 
e Si 1 ty clayey sand SC-SM 

Project No.: 2169.10 Remarks: 
Project: AMERICAN STEEL FOUNDRIES 

• Location: Mix 3, 30% Sludge/70% Sand Mix 

Date: 04/07/93 
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Optimum moisture ~ 10. 3% 
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RMT Soils Laboratory - Moisture Content Determination 

PROJECT: AMERICAN STEEL FOUNDRIES by date 
Tech: HJW 03/24/93 QC ..IiLli_ J_,)f-'{,J 

JOB ~- 2169.10 Input: DEW 03/26/93 QA Jfi!_ 3 -3'-93 ~. 

-------------------------------------------------------------------------
BORING SAMPLE DEPTH TARE WET WT DRY WT % MOISTURE 
------ ------ ------ ------ ------ ----------

Fine Sand 83.30 640.00 573.60 13.5 
Medium Sand 83.69 765.10 671.90 15.8 
Sand Mix 50/50 84.40 734.00 650.50 14.8 
Sludge 84.24 558.60 402.90 48.9 
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Section 1 

INTRODUCTION 

1.1 Background 

The United States Environmental Protection Agency (USEPA) and Amsted Industries, Inc., 

d.b.a. American Steel Foundries (AS F) have entered into a Consent Decree, December 1, 

1992, pursuant to the Resource Conservation and Recovery Act (RCRA), 42 USC_6901 

et§seg, as amended by the Hazardous and Solid Waste Amendments of 1984 (PL 98-616). As 

required by the Consent Decree, ASF will perform a RCRA Closure of the landfill located in 

Mahoning County, Ohio (Sebring Facility). This plan is being submitted as a requirement of 

the Consent Decree entered on December 1, 1992. 

The Sebring Facility Landfill, shown on Engineering Plan Sheet 2 of 8, has been in operation 

for over 20 years as a disposal site for typical foundry wastes from the Alliance Facility. The 

typical wastes include foundry sand, refractories, slag material, and sludge from the sand 

washers and wet dust collectors. 

1.2 Purpose and Scope 

The purpose of this Closure Plan is to describe the closure activities that ASF will perform to 

close the Sebring Facility. The plan is intended to fuHill the Closure Plan requirements of 40 

CFR, Part 265, and OAC 3745-66. The plan describes the key activities, tests, and 

performance standards for closing the Sebring Facility. It is the intention of ASF to close the 

Sebring Facility within three years of Closure Plan approval. 

The scope of this document is limited to providing a Closure Plan for the landfill at the Sebring 

Facility. The Closure Plan includes the following: 

• 

• 

• 

• 

2169.05:ATZ:ASF0112 

Description of the Facility and the hazardous waste management unit . 

Closure performance standards . 

Description of the enclosure methods, including decontamination, 
management of hazardous and nonhazardous wastes and residues, and 
construction quality control. 

Discussion of the closure design . 

1 
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• 

• 

• 

• 

2169.05:ATZ:ASF0112 

Heatth and safety issues related to closure activities that will be addressed in 
subsequent heatth and safety plans. 

Estimated waste quantities involved in the closure plan, closure schedule, and 
closure costs. 

Description of decontamination methods for the equipment used to handle 
materials during the closure activities. 

Discussion of the observation and documentation of closure activities . 
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Section 2 

GENERAL FACIUTV INFORMATION 

2.1 General Information 

Name: 

Location: 

Contact: 

Standard Industrial Code: 

2.2 Site Description 

Amsted Industries, Inc. d. b.a. 
American Steel Foundries 
Sebring Facility 

Lake Park Boulevard and Heacock Road 
Smith Township, Mahoning County, Ohio 

Mr. Terry Bradway 
Facilities Engineer 
American Steel Foundries 
1 001 East Broadway 
Alliance, Ohio 44601 
(216) 823-6150 ext. 206 

3325 

The Sebring Facility comprises a total of approximately 14.7 acres and is located in the NE 

quarter of Section 33, T19N, R5W (Smith Township). The Facility is bounded by a fence. 

Access to the Facility is from Lake Park Boulevard along Heacock Road, as shown on 

Engineering Plan Sheet 2 of 8. This property was formerly a coal strip mine. The property 

was purchased in 1966 by ASF, and in 1967 was approved by the Board of Health of the 

Mahoning County General Health District for the operation of an industrial waste disposal site. 

Waste streams originally approved for disposal at this Facility by the Mahoning County 

General Health District included open hearth slag, sand, dirt, silica sand, various types of 

brick, and sand washer sludge. The approximate limits of waste placement are shown on 

Engineering Plan Sheet 2 of 8. Wastes have been placed over an area of approximately eight 

acres and range in thickness from a few feet to more than 45 feet near the south central part 

of the landfill. 

Immediately southwest of the site is the location of the now abandoned municipal landfill for 

the Village of Sebring. Soils adjacent to the Facility generally consist of lean clay and clayey 

sand. Sandstone, shale, and siltstone underlie and outcrop on the east side of the Facility. 
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Surface drainage from the site flows generally to the southwest, towards Heacock Road 

across the Village of Sebring municipal landfill into a small tributary of the Mahoning River 

which flows to the northwest. The confluence of the small tributary with the Mahoning River 

lies approximately 3,000 feet to the southwest of the site. Apparently, several small water 

bodies near the site were made by the strip-mining operations. 

The Sebring Facility is located within a former strip-mine pit. The Middle Kittanning No. 6 and 

Lower Kittanning No. 5 coal beds were strip-mined here in addition to the Lower Kittanning 

Underclay and some of the softer shale beneath it. Site inspections by Ohio Environmental 

Protection Agency (OEPA) personnel have noted the presence of excavations along the 

highwall of the pit. These excavations are no longer visible. 

2.3 Waste Characterization 

Based on ASF records, various foundry wastes were accepted at the Sebring Facility during 

the active life of the unit. Table 2-1 lists the various foundry wastes accepted at the Facility, 

and Appendix A contains laboratory reports for these wastes. The laboratory test data 

presented in Appendix A provides the basis for the non-hazardous/hazardous characterization 

of the waste streams shown in Table 2-1. Testing includes TCLP metals and organics, and 

water leach metals and organics. 

As shown on Table 2-1, the Facility accepted mostly non-hazardous foundry wastes. During 

the past 20 years, the possibility exists that hazardous electric arc furnace baghouse dust was 

intermixed with typical foundry waste and deposited in the landfill. The electric arc furnace 

baghouse dust is possibly a source of metal contaminants. Volatiles are not expected in the 

foundry waste based on TCLP organic test results of the waste streams. TCLP test results 

can be found in Appendix A. 

2.4 Maximum Waste Inventory 

As required by OAC 3745-66-12, this Closure Plan includes an estimate of the maximum 

inventory of hazardous wastes that were on-site at anytime during the active life of the unit. 

Because ASF has never removed materials from the waste management unit, the maximum 

waste inventory is believed to be the quantity of material currently contained in the unit. 
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Based on information from ASF employees who are knowledgeable about this unit, RMT 

estimates that approximately 600,000 cubic yards of total waste has been taken to the landfill. 
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Table 2·1 

WASTES ACCEPTED AT SEBRING FACIUTY LANDFill 

Air Pollution Control Dust 
Shot Blast Collector Dust X 
Cooling Bed Collector Dust X 

Electric Arc Furnace Dust" X 

Broken Core Butts 
Shell Cores X 
Alphaset Cores X 
Baked Cores X 

Foundry Slag X 

Refactory Brick X 

Floor Sweepings X 

Scrap Metal X 

* Prior to 1980. After 1980, Electric Arc Furnace dust was mixed with sludge and 
taken to the landfill. The mixture was non-hazardous. 
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Section 3 

CLOSURE PERFORMANCE STANDARD 

3.1 ObJectives 

ASF intends to close the RCRA landfill in a manner that satisfies 40 CFR 265.111 and OAC 

37 45-66-11. To accomplish this, the regulations indicate that ASF must do the following: 

• Minimize the need for further maintenance. 

• Control, minimize, or eliminate, to the extent necessary to protect human 
health and the environment, post-closure escape of hazardous waste, 
hazardous constituents, leachate, contaminated raintall, or waste 
decomposition products to the ground water, or surface water, or to the 
atmosphere. 

These requirements will be satisfied by documenting the following: 

• Construction of the final cover system has been completed, as described in 
the Closure Plan. 

In general, closure activities will follow the approach presented in the following section. 

3.2 Closure Approach 

Closure activities will take place in one stage; construction of the final cover. Final 

determination of methods, sequencing, and staging will be determined by the selected 

contractor. In general, closure activities will consist of the following: 

• The RCRA unit will be graded to the three percent grades as shown on 
Engineering Plan Sheet 3 of 8. 

• The final cover system will be constructed and revegetated. 

Specific closure activities for the RCRA unit are discussed in Section 5 of this Closure Plan. 
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3.3 Off-Site Closure 

During Closure Plan preparation, it was determined that the foundry waste had been placed 

off-site between the ASF property line and the Tecumseh pond. Three borings were installed 

in this area to determine: 

• Depth of Waste 
• Characterize for Toxicity 
• Slope Stability 

The boring logs, Appendix B, indicate the depth of waste to be approximately 34 feet in boring 

location #2. The TCLP results in Appendix C indicate a composite of the waste from each 

boring to be non-hazardous. 

The physical tests on material from each boring and the results of the sounding in the lagoon 

are discussed in Section 3.4. The overall slope stability issues are discussed in detail in 

Section 4.8. While the slope is stable and will support the specHied final cover, the waste is 

still located off-site and terminates in a lagoon. Due the depth of waste and water in the 

lagoon, it is impractical to remove the non-hazardous material. If the waste was removed to 

the property line, the edge of the waste will continue to terminate in water and there would be 

no difference in the impact to the environment. 

ASF will continue to work to secure a property easement and loss of use from the adjoining 

property owner. Upon achieving an agreement, RMT can design an extension of the final 

cover to a reasonable distance from the waters edge. The criteria for terminating the final 

cover will be equipment and operator safety. The balance of the uncovered area will be 

utilized as a grass buffer for storm water run-off control. 

3.4 Off-Site Investigation Physical Tests 

Three borings were conducted off-site to classHy waste and determine the depth of natural 

material. In addition, grain size distribution was performed to assist in determining slope 

stability. The results of these tests are incorporated in Appendix B, and discussed as part of 

slope stability in Section 4.8. Additionally, a sounding of the lagoon was conducted to 

determine depth of water and angle of slope. The angle of slope is indicated on Engineering 

Plan Sheet 6 of 8, Cross Section C-C. 
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Section 4 

CLOSURE DESIGN 

4.1 Design Basis 

The objective of the landfill closure design is to minimize or eliminate the environmental impact 

of the waste in the landfill in a way that minimizes post-closure maintenance. The cover is 

designed to provide performance that will meet or exceed those requirements recommended 

by the 'Technical Guidance for Final Covers on Hazardous Waste Landfills and Surface 

Impoundments' published by the USEPA (July, 1989). This closure design includes the 

following design specnications: 

2169.05:ATZ:ASF0112 

1. Final Contours 

• Minimum slope - 3% 
• Maximum slope - 33%(3:1, horizontal to verticaQ 
• Soils balance with minimal grading 
• Blend of final topography with existing terrain 

2. Surface Water Control 

• Soil loss evaluation 
• Slopes 
• Ditches 
• Erosion protection 

3. Final Cover (see Engineering Plan Sheet 4 of 8 for detail) 

• 
• 
• 

• 

• 
• 

30-inch cover soil layer (includes 6 inches topsoil) 
Geotextile 
12-inch sand drainage layer with a minimum hydraulic conductivity of 
5 x 1 o-3 em/sec 
Pipe collection system in the sand drainage layer 

6' diameter PVC perforated collection pipe 
Maximum spacing of 11 o feet 
Discharges collected surface water to daylight outside the 
limits of waste boundary 
Minimum 1% slope 

30-mil very low density polyethylene (VLDPE) geomembrane liner 
24-inch compacted soil barrier layer, with at least 50% passing the 
#200 sieve. 
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4.2 Final Grades 

The final grades are designed to be a minimum of three percent slope over a major portion of 

the landfill to promote surface water runoff, and provide slope stability. Small portions on the 

east and the south of the site require 3:1 and 6:1 slope to allow for ditching and to tie into 

existing grades. The grades are designed with ditching around the perimeter on the east side 

of the landfill to prevent surface water run-on onto the final cover system. These measures, 

along with the low permeable final cover, will limit water infiltration into the waste. 

4.3 Final Cover 

The purpose of the final cover is to provide a low permeability cap to the landfill which 

reduces infiltration of surface water into the waste, thus reducing leachate generation. 

The selected final cover will be a combination of three separate components: barrier layer, 

drainage blanket, and cover soils, each serving a different purpose. The lowermost 

component will be a composite barrier layer, comprised of a 30-mil VLDPE geomembrane over 

a 2.0 foot compacted soil barrier layer. The composite barrier layer will have a maximum in· 

place saturated hydraulic conductivity of 1 x 1 o·7 em/sec. Above the composite barrier layer 

will be a 1.0-foot sand drainage blanket designed to protect the geomembrane and promote 

lateral drainage of water which percolates through the top cover soils. Within the drainage 

layer will be 6-inch diameter PVC perforated collection pipes with a spacing of no more than 

11 o feet. With this maximum pipe spacing of 11 0 feet, the average daily head will not exceed 

7.32 inches (see Appendix D for HELP model computations). A geotextile filter fabric will then 

be placed above the sand layer to act as a separator between the sand and overlaying cover 

soils. The top 2.5 feet of cover soils (including six inches of topsoiQ are designed to provide 

stable, vegetated slopes which will serve to protect the drainage and composite barrier layers. 

4.4 Access Road 

Vehicle access to the sedimentation basin and for periodic surface maintenance will be 

provided by an access road that passes through an entrance gate on the west side of the site 

along Heacock Road. This will be the only access point to the site which will be surrounded 

by a chain link security fence. The all-weather access road will be 20 feet wide, will have a 

maximum slope of 1 o percent and will be constructed of 1 o inches of crushed aggregate. 
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4.5 Surface Water Control 

Surface water drainage ditches will be constructed along the east portions of the waste limits, 

as shown on Engineering Plan Sheet 4 of 8 to divert run-on away from the site. The major 

portion of the landfill, sloped at three percent, will drain to the west by sheet flow to a 

perimeter ditch along the western edge of the site. The surface water collected in these 

ditches will be transferred to a sedimentation basin located on the west side ol the landfill next 

to Heacock Road. A discharge pipe will drain water from the sedimentation basin into an 

existing drainage ditch located at the northwest comer of the site at the intersection of 

Heacock Road and Lake Park Boulevard. The basin and all its components will be designed 

for a 25 year, 24-hour storm event with computations for sediment to be settled out at a 

particle size of 0.02 mm (fine silt) in diameter. The surface water control features will be sized 

during development of construction plans and specnications. 

Erosion protection will be provided in areas of potentially high erosion. Erosion protection will 

consist of seeded and mulched areas, erosion control matting and riprap, as required. 

Selection of a particular method of protection will be based on calculated water velocities. 

• Erosion control matting is to be placed in ditches in areas with velocities 
greater than 4.0 feet per second. 

• Riprap will be placed in ditches in areas with velocities greater than 9.0 feet 
per second. 

• All other drainage ditches will be seeded and mulched. 

4.6 Cover Design Performance 

The USEPA HELP model (Hydrogeologic Evaluation of Landfill Performance) computer 

program was used to evaluate the effectiveness of cover design. A five year HELP model 

simulation of cover performance indicated that with average annual precipitation of 

approximately 38.5 inches, the selected final cover design will have 0.0 inches of annual 

percolation through the 5.5 foot cover system into the waste and approximately 8.4 inches 

exiting through the sand drainage layer annually. The average daily head on the composite 

barrier layer was estimated to be five and seven inches. The effectiveness of the final cover 

design is attributed to the higher permeability of the sand drainage layer (with collection 
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pipes) located immediately above the lower permeability composite barrier layer. See 

Appendix D for HELP model cover design computations. 

In summary, the USEPA HELP Model has demonstrated that the selected final cover design 

exceeds the OEPA and USEPA recommended designs. 

4. 7 Integrity of Final Cover 

The final cover system is expected to maintain its integrity because; it will be protected by a 

vegetated cover; freeze-thaw cycles should not penetrate below a 21h-footdepth; the landfilled 

waste is not subject to excess settlement due to construction sequencing (see 

Subsection 4.8.2); and erosional soil loss will be minimal. 

Following topsoil placement, the final cover will be seeded, fertilized, and mulched. The seed 

mixture will consist of 30 percent Kentucky Blue Grass, 60 percent Kentucky Fescue, and 1 0 

percent Perennial Rye Grass (percentages by weight). This seed mixture with fertilizer has 

shown excellent resuits in similar Ohio revegetation projects. A total of 30 inches of cover 

soils have been included for a root zone. 

The 2.5 feet of cover soils will be adequate for freeze-thaw protection of the drainage and 

composite barrier layers, since regional frost penetration in the area is approximately 

15 inches (EPN50-SW-89-047, Figure 6) as shown in Appendix E. 

The potential for erosion of the cover was evaluated using the Universal Soil loss Equation 

(USLE), as presented in EPA publication SW-867, "Evaluating Cover Systems for Solid and 

Hazardous Wastes,' (See Appendix F). Results of the analysis indicate that a 4:1 or 

25 percent slope, the steepest significant area of the landfill cover, have an estimated annual 

erosion rate of 1.79 tons/acre/yr. The largest area of final cover had a calculated soil loss of 

.34 tons/acre using a slope of five percent (final design slope is three percent). This erosion 

rate is below the EPA-recommended maximum erosion rate of 2.0 tons/acre. An average over 

the entire landfill would be well below the recommended maximum erosion rate. 
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Temporary erosion control devices, such as sin fences and straw bales will be used in key 

locations during construction and will remain in place until vegetation has been established 

(see Engineering Plan Sheet 3 of 8). 

4.8 Geotechnical Analyses 

The geotechnical analyses involved two separate evaluations of the final cover design 

concepts. The following geotechnical issues were analyzed and are discussed in this section: 

• Slope stability 

• Settlement 

The existing conditions of the Facility prior to placement of the final cover were discussed in a 

previous section. The calculations used in the analysis are contained in Appendix M. 

2169.05:RTZ:ASF0112 

4.8.1 Slope Stability 

The purpose of the slope stability analysis was to demonstrate that the proposed 

cover design is structurally adequate. The slope stability analysis was performed by 

evaluating the following scenario for the final cover. 

• Tecumseh Pond - The cross section runs east/west through the 
proposed final cover grades down into the Tecumseh Pond. 

The slope stability analysis has been performed using the computer program STABl4, 

which was developed at Purdue University. STABL4 performs the iterative task of 

identifying the worst -case failure surface for the scenario. Input values consisted of 

soil strength parameters for given conditions (i.e., total strength and effective strength), 

earthquake loads, and failure surface boundary limits. STABL4 uses a two

dimensional static limit equilibrium method to determine a factor of safety (FS) against 

failure. The program utilizes the ModHied Bishops Method for circular shaped failures. 

The program can also determine a dynamic FS against failure by using a pseudo

static analysis. The seismic impact resulting from a 90 percent probability in 

250 years of a horizontal acceleration of 0.1 g in the lithHied material was used in the 

dynamic analyses. The seismic zone map used for this analysis was USGS open 

file 82-1033 (see Appendix M). 
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The values used in the stability analysis were based on the Standard Penetration 

Tests (ASTM 1586) resutts reported on the boring logs, previous experience with other 

foundry waste, and published information. Field testing and laboratory testing of the 

fine-grained foundry waste should be performed prior to construction. The testing will 

evaluate the total and effective strength of the waste. Table 4-1 shows the values 

used in the analysis. 

The water table level was estimated using the Water Table Map in RMT's 

Hydrogeologic Report in January, 1992. 

Minimum FS against a static slope stability failure of 1.5, and against a dynamic slope 

stability failure of 1.3, were established as a design basis for rotational modes of 

failure, due to the variability of the waste materials (see Appendix M, reference 

Huang). The seismic event is an isolated occurrence rather than a sustained load, 

such that the 1.5 FS would be overly conservative. 

The results of the slope stability analysis for the cross-section examined is a static 

factor of safety (FS) of 1.5 for short-term and 1.9 and long-term conditions, and a 

dynamic FS of 1.3 for the Tecumseh Pond slope. These values.are equal to or greater 

than the required FS. 

4.8.2 Settlement 

The purpose of the settlement analysis was to determine the magnitude and rate of 

settlement caused by the construction of the final cover, and to evaluate the potential 

settlement effects on the final grades and final cover. 

The settlement analysis was performed by evaluating the following two scenarios for 

the final cover design. 

1. 

2. 

Pond Area - Existing course grained foundry waste over fine-grained 
foundry waste. 

Center Area - Fine-grained foundry waste at the surface (former pond 
area). 
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Table 4·1 

SHEAR STRENGTH 

Bedrock 135 135 20 2000 20 2000 

Note: 

1 Values for foundry waste would require testing prior to construction, values based 
on wrrh other waste materials. 
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The values used in the analysis of the settlement are shown in Table 4-2. The values 

in the settlement analysis were based on previous experience with foundry wastes and 

published information. Laboratory testing of the fine-grained foundry waste could be 

used to confirm the settlement analysis. 

Waste 

No Overburden 

Overburden 

Note: 

Table 4-2 

SETTLEMENT CHARACTERISTICS 

Compression Ratio Second Comp. 
Ratio 

0.15 0.009 

0.11 0.009 

Coer. of Consd. 
(ft"/day) 

1.0 

1.0 

1 Values lor foundry waste would require testing prior to construction, values 
based on previous experience with other foundry waste materials. 

The settlement analyses have been performed using Terzaghi's One-Dimensional 

Consolidation Theory. This method of analysis is conservative in that it tends to over

predict actual settlements. The loads are assumed to be applied instantaneously and 

are not dissipated with depth. The fine-grained foundry waste is considered to be 

double drained, which means the material drains both to the top and bottom of the 

layer. The fill heights analyzed for settlement were 14 feet for both the Pond Area and 

the Center Area. Settlement that may occur in the natural shale or foundry sand was 

not included in the total settlement because the magnitude is considered insignHicant 

compared to the overall settlement. 

The results of the settlement analysis indicated that the magnitude of the settlement 

after placement of the fill and final cover would range between 0.63 feet to 2.01 feet for 
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the southern to central portions of the cover. Settlement in excess of 0.5 feet would 

reduce the effectiveness of the cover and therefore should be avoided. 

The settlement analysis assumed that the fill and final cover would be placed in one 

construction operation, and resun in large settlements which would be unacceptable 

from a cover performance perspective. However, if the final cover placement is 

delayed until after the fill has settled, then the magnitude of settlement would range 

between 0.39 feet and 0.95 feet for the southern to central portions of the landfill. The 

center area of the landfill still would experience settlement in excess of the 0.5 foot 

cover criteria A five foot surcharge load could be applied over the center area to 

increase the rate of settlement. The surcharge would be removed after the necessary 

settlement had occurred. The results of the analysis are shown in Table 4-3. 

Therefore, the construction sequence should include surcharging the center area and 

allowing the fill to consolidate prior to final cover placement. This activity would 

reduce the settlement after final cover placement to less than 0.5 feet. 

The extent of settlement predicted in Table 4-3 would result in the final cover not 

draining properly and would probably over strain both the geomembrane and the clay 

liner. Therefore, a surcharge and staged construction will be used to pre-consolidate 

the fine-grained foundry waste prior to final cover construction. 

The surcharge is the placement of additional construction material above the design 

final grades. The additional material increases the load on the fine-grained foundry 

waste, which increases the magnitude of the settlement. Once the expected 

settlement due to just the final cover has been achieved, the remaining surcharge can 

be removed and the final cover constructed. 

Staged construction is a construction technique where the effect of the fill placement 

on the fine-grained foundry waste is monitored. The fill placement stresses the fine

grained foundry waste which causes the pore pressures to rise. If the fill continues to 

be placed and the pore pressures also increase, then the shear strength of the fine-

17 



LANDFILL CLOSURE PLAN JANUARY 1993 
AMERICAN STEEL FOUNDRY 

Table 4-3 

RESULTS OF THE SETTLEMENT ANALYSIS 

Final Cover' 
and Fill Center 25' 1.64' 133 days 0.46' 2.01' 

Fill and 
51oof Center 25' 1.96' 133 days 0.46' 0.46' 
Surcharge 

Final Cover" South 11' 0.12' 92 0.27' 0.39' 

Final Cover 1 

and Fill South 11' 0.36' 26 days 0.27' 0.63' 

Notes: 

FG Fine-Grained 
Sc Primary Consolidation 
T 90 Time for 90 percent of primary consolidation to occur after load placement. 
S8 Secondary Settlement {Based on 30 years after closure) 
Sr Total Settlement after Final Cover Placement 

1 Single phase construction 
2 Phased cover placement 
3 Final cover placement alter surcharge removal {i.e., after the surcharge and fill 

have experienced approximately 2 feet of settlement. 
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grained foundry waste would decrease and a failure could occur. Stage construction 

allows the pore water pressures to dissipate prior to adding another lift of fill. By 

allowing the pore water pressures to dissipate the line-grained foundry wastes 

consolidated and increase in shear strength. 

The construction process would be slowed due to the starting and stopping of the 

filling operation. However, if the contractor has an organized schedule, delays can be 

minimized by performing other work during the stopping period. 

The use of surcharging and staged construction have been used successfully to 

construct embankments over soft and compressible soils. The construction of the final 

cover should utilize surcharging and stage construction. 
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Section 5 

CLOSURE METHODS 

JANUARY 1993 

The landfill closure will consist of five separate work activities. These activities are described 

below. 

5.1 Waste Grading 

The required excavation regrading foundry waste includes establishing the required subgrade 

slopes of 3:1, 4:1, 6:1, and three percent, grading the site to establish adequate uniform 

slopes and surface water drainage, and blending the final 5.5 foot cover topography with the 

existing adjacent terrain. Earthwork computations were performed to estimate the volumes 

necessary to be moved and placed in order to obtain a volume materials balance to subgrade 

elevations (Appendix G). The calculations indicate that approximately 28,000 cubic yards of 

material, 5,000 cubic yards of which is waste, must be moved on-site to achieve the final cover 

design subgrades. The excavated soil material along the east bank and the soil pile at the 

northwest portion of the site will be included in the volume of material to achieve the desired 

final grades. 

Engineering Plan Sheet 2 of 8 shows the existing conditions of the site, and Engineering Plan 

Sheet 4 of 8 indicates the planned final contours and surface water drainage patterns. These 

final contours represent the final surface, which includes a total of 5.5 feet of cover materials 

over the foundry waste. 

5.2 Final Cover Construction 

Upon completion of the subgrade construction, the surface will be surveyed to document 

record subgrade elevations. Surcharge material will then be placed. After the surcharge has 

been completed and control of settlement has been verified, the excess soil in the surcharge 

areas will be removed to the required final cover subgrade elevations. The compacted barrier 

soil layer will be placed in loose lifts of approximately nine inches and compacted to 

approximately six inches, in place. The soil will be free of clods, rocks, fractured stone, debris, 

cobbles, rubbish and roots that would increase the hydraulic conductivity or serve to promote 

preferential flow paths. The material will be tested so that the in-place hydraulic conductivity 

of 1 x 1 o·7 em/sec when compacted to 95 percent of the standard proctor dry density is met, 
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as described in Section 4. Material testing procedures and Quality Assurance/Quality Control 

procedures are described in Section 7. 

The source of the barrier layer soil cover materials to be used over the landfill will be 

documented and submitted to OEPA by ASF prior to construction. The barrier layer soil 

source documentation will contain information which will describe the soil properties and 

quantities. 

Barrier layer soil will be placed and compacted with appropriate compaction equipment, such 

as a sheepsfoot roller, and moisture will be added as needed by a water truck and disking of 

the soil. The surface will then be flattened with a smooth-drum roller and inspected to be sure 

the surface is tree of obstructions. After the soil thickness has been documented to a 24-inch, 

in-place depth, a 30-mil VLDPW geomembrane liner will be rolled down perpendicular to the 

slope and sealed as per manufacturer's recommendations. In areas of 3:1 and 4:1 slopes an 

B-ounce nonwoven geotextile filter fabric will be placed directly over the geomembrane before 

placement of the sand drainage layer to provide stability to the slope. No vehicle traffic will be 

allowed directly on the geomembrane. Installation of the geomembrane shall be done by a 

separate contractor as described in Section 7, Construction Quality Control. 

Next, a one-foot-minimum sand drainage layer with a minimum permeability of 5 x 1 o-s em/sec 

will be placed in a single lift using low-ground-pressure, tracked-type equipment. This 

equipment will only operate where one-foot-minimum sand drainage layer is placed, to protect 

the geomembrane from damage. 

A perforated polyethylene drainage pipe will be installed at a maximum spacing of 11 0 feet 

within the drainage blanket (2.5 feet below final surface) as shown on Engineering Plan Sheet 

4 of 8 and in Details 3, 5 and 6 on Engineering Plan Sheet 8 of 8. The purpose of the pipe is 

to release water that would otherwise build up in the drainage layer at the edge of the final 

cover. The drainage pipes will daylight in two locations, at the south end of the landfill site 

under Edwinton Avenue, and connect into the sedimentation basin discharge pipe which drain 

to daylight at the northwest end of the landfill. 
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A nonwoven, B-ounce geotextile fitter fabric will be placed on top of the sand drainage layer. 

A total of 30 inches of cover soils, consisting of both general soils and topsoil, will then be 

placed above the fitter Iabrie. General soils, free from organic matter, masonry, metals, sharp 

objects, boulders, snow and ice will be used as a 24-inch general fill layer. Topsoil which is a 

friable, fertile, loamy soil containing an amount of organic matter normal to the region; free 

from refuse, subsoils, materials toxic to plant growth, and foreign objects, and free from stones 

or other objects over two inches in diameter, will be placed in a six-inch layer above the 

general fill. The topsoil will be seeded, as described in Section 5.3, then fertilized and 

mulched. 

5.3 Seeding, Fertilizing and Mulching 

The site will be vegetated with local grasses as soon as the final cover construction is 

complete and conditions are correct for seeding. The topsoil used will be tested to determine 

what type and rate of fertilizer and soil conditioner must be applied. The mulching material 

may be dry oat or wheat straw that is free from weeds and other foreign matter detrimental to 

plant life. 
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6.1 Background 

Section 6 

ALTERNATIVE MATERIALS 

JANUARY 1993 

In several states there are documented cases to support the use of foundry sand as a 

construction material. The materials are typically select wastes streams that offer high volume 

excess system sand from the molding process. The excess system sand composed of silica 

sand, chromite sand, bentonite, sea coal, and ceral offers an excellent alternative in 

construction use due to its low permeability; which is principally due to the amounts of 

bentonite. RMT has experience in utilizing these materials from dry screening processes and 

wet scrubbers tor placement of final cover in the field. The materials are typically conditioned 

in the field following a comprehensive physical testing program that verifies equal or superior 

results to local clay sources. 

6.2 Ohio Criteria 

A meeting was held in March, 1991, at the OEPA Hazardous Waste Division, Columbus, Ohio, 

to discuss closure concepts for the site. The meeting was attended by RMT, ASF, 

representatives from the hazardous waste department, and Mr. Ed Kitchen, manager. 

As a result of the meeting, it was agreed that the ASF cover design would meet the 

established criteria for a hazardous waste landfill. Additionally, it was agreed that ASF could 

propose the use of alternative barrier layer materials, provided adequate physical testing was 

completed and a work plan for a field test plot was submitted for agency approval prior to 

Closure Plan approval. 

6.3 Physical Testing 

RMT is currently conducting physical testing on select waste streams for the ASF landfill 

closure. While preliminary results indicate that alternative barrier layer materials can achieve 

1X1o·7 permeability, additional testing is being performed to determine the best mix design lor 

the field trials. 
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6.4 Field Trials 

A work plan for a field trial test plot will be prepared and submitted to OEPA as an addendum 

to the Closure Plan submittal. It is anticipated that the work plan will be approved in time for 

the 1993 construction period. 
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Section 7 

CONSTRUCTION QUALITY CONTROL 

JANUARY 1993 

During construction of the landfill closure, a field surveying (geotechnical soils and 

geosynthetics) testing program will be performed to document that the grades, soils, and 

geosynthetics meet the plans and specifications. Surveying documentation, soil testing, and 

geosynthetic testing performed by qualified contractors will be carried out according to the 

guidelines established below. 

7.1 Surveying 

An engineer or qualified technician will be present during construction to provide visual 

observation and documentation of the locations and elevations of the foundry waste and the 

four layers of cover materials. 

A 1 00-foot grid system will be established which documents both stationing and elevations of 

the excavated areas of foundry waste and the total depth of final cover placed. 

7.2 Soils Testing 

All barrier layer soils used in the final cover construction will meet the following general 

specifications: 

• At least 50 percent passing the #200 sieve. 

• A maximum of permeability of 1 x 10"7 em/sec. 

• Compaction to a minimum density of 90 percent Modified Proctor of 
95 percent of Standard Proctor based on compaction percentage versus 
laboratory permeability curves. Moisture contents at the time of placement 
shall be above optimum density moisture content and will be determined 
during the final barrier soil source investigation. 

During the closure, a soil testing program will be performed to document that the soils meet 

the specifications outlined above. All testing will be provided by qualified soil testing 

contractors. An engineer or qualified technician will be present for the closure to provide 

visual inspection and conduct testing of the soils used for construction of the cover. 

The following testing program will be performed on the cover soils: 
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• Barrier layer soil borrow source: 

Grain size for every 5,000 cubic yards. 

Atterberg Limits for every 5,000 cubic yards. 

Moisture-density curve for every 5,000 cubic yards, or whenever 
changes in material occur. 

• Layer during construction: 

Density test on 1 oo foot grid spacing for each one-foot depth of 
placed. 

Moisture test on 1 00 foot grid spacing for each one-foot depth of 
placed. 

Atterberg Limits for every 10,000 cubic yards. 

Permeability for every 1 o, ooo cubic yards. 

Dry density for every 1,500 cubic yards. 

Grain size for every 1 0,000 cubic yards. 

Coefficient of permeability will be determined in a laboratory, using Shelby tube samples, by a 

triaxial cell method (USEPA, SW-925, 1984) under falling-head conditions, or another method 

approved by the OEPA. A laboratory determination of permeability greater than 

1 x 1 o·7 em/sec will be reported immediately to the construction engineer. A second Shelby 

tube, taken at each test location, will be retained until the permeability has been confirmed 

and the area has been approved, and if necessary tested for the coefficient of permeability. 

A nuclear density gauge will be used for field moisture/density determination. Soils will be 

compacted until they are found to be in conformance with the project specifications. Proctor 

test values will be provided from laboratory testing results from the clay soils used in 

construction. Whenever field moisture content is found to be non-conforming, the affected 

area shall be scarified, the moisture content shall be adjusted, and the area shall be 

recompacted and retested. Areas failing density tests will be recompacted and retested until 

the area is within specifications. 
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7.3 Geomembrane Installation and Testing 

Prior to placement of the 30-mil geomembrane, a detailed Panel Layout Diagram and Quality 

Control Manual will be developed by the supplier and approved by the engineer. In the 

Quality Control Manual, specifics on seam welding requirements, and on non-destructive and 

destructive shear and peel seam test will be provided. 
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7 .3.1 General 

Installation will be performed by a qualified contractor who has installed a minimum of 

2,500,000 square feet of geomembrane. The field engineer representing the 

contractor will be in absolute charge of the installation and will be responsible for the 

work performed. 

Surfaces to be lined will be smooth and free of all rock, stones, sticks, roots, sharp 

objects, or debris of any kind. The surface will provide a firm, unyielding foundation 

for the geomembrane wtth no sudden, sharp, or abrupt changes or breaks. 

Panels will laid out according to plans and will not deviate from the plans except with 

approval of the engineer. Panels will be overlapped sufficiently to permit seaming 

without having to splice small sections of material into the general panel layout. 

7.3.2 Material Testing 

One sample will be collected for every 50,000 pounds of resin used to manufacture 

the geomembrane, and will be subjected to the tests listed in Table 7-1. The 

acceptance specifications are listed in Table 7-2. 

Testing frequency will be one sample per lot per shipment of geomembrane rolls to 

the stte. II there are more than ten rolls from the same lot for a single shipment, then 

one roll will be sampled for every ten rolls or fraction thereof. 
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Table 7-1 

GEOMEMBRANE TESTS AND TEST METHODS 

Carbon Black Content 

Carbon Black Dispersion 

Density 

Tear Resistance' 

Tensile Properties' 

Break Stress 
Break Elongation 

Thickness 

Notes: 

ASTM D1603 

ASTM D3015 

ASTM D792, Method A or ASTM D1505 

ASTM D1004 

ASTM D638, Type IV specimen at 20 
inches/minute. 

ASTM D751 2 

These tests will be performed and results reported for both machine and 
cross direction. 

2 
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Use ASTM test method as modified by NSF Standard 54, Flexible 
Membrane Uners (revised May 1991 ). 
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Table 7-2 

GEOMEMBRANE 30-MIL ACCEPTANCE SPECIFICATIONS 

Carbon Black 

Density 

Tear Resistance2 

Tensile Properties 
Break Stress2 

Stress Elongation2 

Thickness individuaQ 

Thickness (minimum 
average) 

Notes: 

% weight 

N/A 

N/A 

lb 

ppi 
% 

mils 

mils 

Minimum 

Minimum 

Minimum 
Minimum 

Minimum 

Average 

Values based on current acceptable industry practice. 

2 Test performed in both machine and cross direction. 
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7.3.3 Seam Testing 

Non-destructive testing will be performed on all seams using e~her air pressure or 

vacuum box methods. 

One destructive seam test will be conducted for every 500 linear feet of seam. The 

following tests will be performed on each destructive seam sample: 

1. Shear Maximum Tension is the load per un~ width of a one-inch-wide 
specimen expressed in pounds per inch of width, when tested in general 
accordance with ASTM D4437 as modified by National Sanitation Foundation 
(NSF) standard 54, Appendix H. 

2. Shear Elongation at Break is the extension at break expressed as a 
percentage of the initial distance between the edge of the fused track and the 
nearer grip. The distance should be the same on both sides of the seam and 
is usually one (1) inch. No referenced ASTM test exists for this procedure as 
defined; however, the specimen will be elongated to a maximum of 
1 oo percent with any failures of individual specimens noted. For specimens 
that fall below 1 00 percent elongation, the value that failure occurred at will be 
noted on the results. 

3. Peel Maximum Tension is the maximum load per unit width of specimen 
recorded during the peel test according to ASTM D4437 as modified by 
NSF 54, Appendix H. 

4. Peel Seam Separation estimates the area of seam interface separation 
expressed as a percentage of the original area 

Also, for both the seam shear and peel tension tests, an indication will be given for 

each specimen tested which defines the locus of the failure. The loci will be defined 

by using Figure A-4 and Figure A-6 from Part 5, of NSF standard 54. For shear tests, 

the following values will be reported for each specimen tested: 

• 

• 

• 

Maximum tension in pounds per inch . 

Elongation at break indicating at what percentage the specimen failed 
(up to a tested maximum of 1 00). 

The locus of failure using the above designations . 
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For peel tests, the following values will be reported for each specimen tested: 

• Maximum tension in pounds per inch. 

• Seam separation expressed as percent of original seam area. 

• Locus of failure. 

7.4 Geotextlle Conformance and Installation 

A nonwoven, needle-punched, geotextile will be used in the final cover system. The geotextile 

shall conform to the physical requirements listed in Table 7-3. 

The installer will handle all geotextiles according to manufacturer's recommendations in a 

manner that ensures that they are not damaged. 

7.5 Sand Layer Testing 

One sample of the sand drainage layer material will be collected and analyzed for grain-size 

and laboratory permeability testing for every 2,500 cubic yards placed. The sand will have the 

following specifications: 

• No more than 5 percent passing the #200 sieve. 

• 1 00 percent passing one-inch sieve. 

• Minimum permeability of 5 x 1 O"" em/sec. 

7.6 General Solis and Topsoil Testing 

General soils used in final cover layer under the topsoil layer will be free from organic matter, 

masonry, metal, sharp objects, boulders, snow and ice. 

Topsoil will be constructed as a six-inch layer for the final cover and will be used as the 

vegetating layer on the berms and the sedimentation basin. The thickness will be 

documented to be a minimum of six-inches on an approximate 1 00-foot grid pattern. 
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Table 7-3 

GEOTEXTILE PHYSICAL REQUIREMENTS' 

Grab Tensile Strength, lb. 250 

Grab Elongation, % 20 

Puncture Strength, lb. 75 

Burst Strength, psi (minimum) 300 

Water Flow Rate3
, gal/min/sq ft 10 

Apparent Opening Size, mm 0.149-0.595 

Notes: 

2 

3 
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Engineer may require a letter from the supplier certifying that its geotextile 
meets specification requirements. 

Minimum. Use value in weaker principal direction. All numerical values 
represent minimum average roll value (i.e., test results from any sampled 
roll in a lot shall meet or exceed the minimum values in the Table). Stated 
values are for non-critical, non-severe applications. Lots sampled 
according to ASTM D4354. 

Water flow rate in gal/min/sq ft shall be determined by multiplying 
permittivity in 1 sec as determined by ASTM 4491 by a conversion factor 
of 74. 
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Section 8 

HEALTH AND SAFETY 

8.1 Health and Safety 

Prior to starting the closure activities, a site-specific heatth and safety plan for the approved 

closure plan will be developed by each company involved to protect its workers on the site. 

This plan will be available for USEPA and OEPA review after selection of the contractor who 

will perform the work. The workers' employer shall be responsible lor implementing the plan, 

directing the training of personnel, and providing safety equipment and incidentals as 

required. At a minimum, the plan(s) will address the following: 

A. Chemical and physical hazard evaluation. 

B. Levels of protection-personal protective clothing and respiratory protection 
for persons performing closure activities and criteria used to downgrade or 
upgrade protective equipment in response to environmental charges during 
closure. 

C. Air monitoring to ensure proper protective equipment for the conditions, 
including monitoring methods to be used. 

D. Standard safety operating procedures. 

E. Site control descriptions which delineate work zones, decontamination 
procedures for personnel and equipment, and site security measures. 

F. Contingency plan to deal with emergencies which include emergency contacts 
and emergency procedures. 

G. Medical evaluation and certification and worker training and certification. 

The plan(s) will be directed at compliance with applicable federal, state, and local 

requirements as a minimum. The following references will be used to assist in the 

development of the site-specific health and safety plan(s): 

A. 

B. 
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'Standard Operating Safety Guides,• USEPA, November 1984. 

•occupational Safety and Heatth Guidance Manual lor Hazardous Waste Site 
Activities,' NIOSH/OSHNUSCG/EPA, October 1985. 
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c. 
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Closure activities shall be conducted in accordance with U.S. Department of 
Labor, Occupational Safety and Heatth Standards and Regulations, including, 
but not limited to, 29 CFR 191 0.120, Hazardous Waste Operations and 
Emergency Response 1910.132, 1910.133(a), 1910.134, 1910.135, 1910.136, 
191 0.1200, and 29 CFR 1926. 
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Section 9 

DECONTAMINATION 

Specific decontamination procedures are dependent on the equipment used. These details 

will not be available until a contractor has been secured. General decontamination 

procedures are described below. 

9.1 Site Control 

A temporary fence will be installed around the closure activities to prevent access to the 

Facility during closure by unauthorized personnel. Access to the closure construction areas 

will be restricted to personnel involved in closure activities and authorized ASF personnel. 

Hazard tape and signs identifying the closure construction areas will be installed at access 

points. 

9.2 Personnel Decontamination 

Personnel leaving the unit closure areas after contact with residual waste materials or 

accumulated rinseate will be decontaminated consistent with OSHA 191 0.120. The contractor 

will be responsible for ensuring that his personnel comply with the decontamination 

procedures specified in OSHA 191 0.120. Personnel decontamination equipment and facilities 

will be located within the closure area A tentative location is shown on Engineering Plan 

Sheet 3 of 8. The exact location will be determined based on logistics by the contractor. 

9.3 Equipment Decontamination 

Construction, treatment, and cleaning equipment in contact with potentially contaminated 

materials will be decontaminated prior to exiting the closure construction area. Equipment will 

remain within the closure boundary, if at all possible, to minimize the need for 

decontamination. To minimize the generation of free liquids, equipment will be 

decontaminated by physical methods wherever possible (scraping, brushing, etc). Where 

necessary, the contractor will use a high-pressure water wash to dislodge solids from exposed 

surfaces. Pressure washing will take place on a decontamination pad constructed on-site. 

The decontamination pad will consist of a liner and a graded gravel surface with a sump to 

collect rinseate. A typical detail of the pad is shown on Engineering Plan Sheet 8 of 8. A 
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proposed location of the pad is shown on Engineering Plan Sheet 3 of 8. Final location of the 

pad will be determined by the contractor based on logistics. 

9.4 Residuals Management 

Solid residues generated from decontamination of personnel and equipment will be managed 

as a hazardous waste. Residues, including discarded personal protective equipment, will be 

collected and placed into a hazardous waste container designated by ASF. Liquid residues 

will be collected, sampled, and disposed of as appropriately. 

9.5 Closure of Decontamination Pad 

After completion of the final cover of the waste management area, the decontamination pad 

will be removed and managed as a hazardous waste. Up to one foot of soil under the 

decontamination pad will be sampled to determine H hazardous and managed accordingly. 
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Section 10 

CLOSURE SCHEDULE 

A timetable of major closure activities is found in Table 10-1. The timetable is based on 

approval of the Closure Plan at day •o•, and subsequent activities are contingent upon that 

date. 

The duration of final cover construction is anticipated to take approximately five weeks. The 

exact phasing and sequencing of work and will depend on contractor logistics and scheduling 

once work has begun. ASF will provide progress updates and will communicate various 

milestone to the OEPA as work proceeds. ASF will also inform the OEPA at least five working 

days prior to the occurrence of key events during closure. 

With supporting startup and documentation activities, the overall closure duration is estimated 

at approximately three years. 

The implementability of closure activities per the specified schedule is highly sensitive to the 

time of year in which closure approval is received. Therefore, if closure approval is received in 

late summer or fall, it may not be possible to commence the bulk of on-site work until the 

following spring. 
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Table 10-1: CLOSURE PLAN SCHEDULE 
~IMIM~I~I~I~IMI~I~I~I~I~ 

Submit Test Plot Design A Yf 

Agency Approval A Yf 

Construct Test Plot &. ., 
Stockpile 1993 

Begin Stockpiling Material 

Stockpile 1994 
(Starting January 1993) 

Closure Plan Approval (1994) A Yf 

Prepare Bid Specs A 'f 

Contractor Procurement &. :A 

Mobilization AYf 

Site Grade A 'f 

Final Cover A Yf 

Surface Water Control A 'f 

Decon Pad Removal ~ 

Submit Documentation Repor A 'f 
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Section 11 

POST-CLOSURE CARE AND MONITORING PLAN 

11.1 Post-Closure Care and Maintenance 

Post-closure care for the closure unit will continue for 30 years after closure is completed, 

unless terminated sooner with necessary OEPA approval. Post-closure use will not disturb the 

integrity of the final cover. As specnied in Section 1, this post-closure plan identifies the 

activities that will be implemented after closure, and the frequency of those activities. 

An inspection program for the unit will be conducted semiannually by ASF, or an ASF 

representative, and will include inspection of the following items: 

• Final Cover 

evidence of surface erosion 
evidence of cover settling or subsidence 
vegetative cover condition 
signs of rodent damage 
evidence of vandalism 
integrity of run-on and runoff control measures 
evidence of cover drainage system maHunctioning 

• Monitoring Wells 

conditions of well caps 
integrity of locks 
condition of ground seal 

• Security Devices 

condition of fencing 

The maintenance program during the post-closure care period will be carried out on a 

schedule as determined by the inspection program, and will consist of the following items: 

• Replacement of monitoring well locks 

• Repair of fences 

• Backfilling of erosion and subsidence areas 
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• Reseeding, fertilizing, and mulching as necessary to maintain a continuous 
vegetative cover. 

• Removal of deep rooted vegetation that may damage the cover. 

An inspection log will be kept to detail the result of each inspection item, and describe 

maintenance or response actions taken as a result of the inspection. The inspection will also 

contain the following information: 

• Date of inspection 

• Name of inspector 

• Pertinent weather conditions (i.e., rain) 

• Photographs of site 

• Location on a site map of areas at the site where erosion or other damage is 
observed. 

Copies of the inspection logs will be maintained by ASF or an ASF representative. 

11.2 Post-Closure Groundwater Monitoring Plan 

Groundwater monitoring will be conducted during the post-closure care period of the Sebring 

Facility. This monitoring plan is designed to meet the groundwater monitoring requirements in 

accordance with 40 CFR 265.90 and 265.91 and OAC 3745-65-90 and 91, and to continue to 

monitor the groundwater in accordance with the requirements of 40 CFR 265.93 (d)(7) and 

OAC 37 45-65-93 ( d)(7). The final post -closure groundwater monitoring plan will be based, in 

part, on the results of the Groundwater Assessment Plan (RMT, 1992). The Groundwater 

Assessment Plan was prepared and submitted to USEPA in April, 1992. The assessment 

proposed an in-depth hydrogeologic investigation of the site, including the installation of 

additional monitoring wells and extensive analytical analysis of groundwater quality. The 

purpose of the assessment is to perform an extensive analysis of groundwater conditions to 

allow for the development of a meaningful post-closure care groundwater monitoring program. 

To date, the Groundwater Assessment Plan has not been reviewed nor approved. This post

closure care groundwater monitoring program assumes the Groundwater Assessment Plan will 

be approved and executed with little or no modifications. The parameters to be monitored will 
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be those listed in Table 11-1, and other parameters analyzed in the Groundwater Assessment 

plan detected at concentrations greater than the practical quantification limit (POL). 
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11.2.1 Site Hydrogeology 

Groundwater elevations and groundwater flow direction at the Sebring Facility are 

shown on Figure 11-1. Groundwater elevations were measured in the wells on 

May 22, 1991, and October 9 and 16, 1991. Groundwater elevations are summarized 

in Table 11-2. The general flow direction as shown on Figure 11-1 is to the west. 

southwest based on the elevations measured on October 16, 1991. 

The horizontal hydraulic gradient is 0.005 feet/foot in the waste and spoils. There is a 

steeper horizontal gradient between the groundwater in the bedrock and that in the 

waste and spoils. The vertical hydraulic gradient in the spoils, as measured in the 

wells MW4 and MW4A on October 16, 1991, is 0.0171t/ft downward. 

Surface drainage from the site flows generally to the southwest, towards Heacock 

Road across the Village of Sebring municipal landfill (west of Heacock Road) and into 

a small tributary with the Mahoning River, which lies approximately 3,000 feet to the 

southwest of the site. Several small water bodies near the site were apparently made 

by previous strip-mining operations. 

11.2.2 MonHoring Well Network 

The monitoring well network is designed to evaluate whether chemical constituents of 

concern have migrated from the landfill into the groundwater and to evaluate the 

concentration of chemicals, and the rate and extent of migration in the groundwater. 

The monitoring well network consists of 14 water table wells, constructed so that the 

water level intersects the screen. The monitoring well network will also include three 

bedrock wells. The bedrock wells are constructed such that groundwater occurring 

within the first producing fractures in the bedrock can be monitored. Monitoring wells 

MW-19, MW-19P, MW-20, MW-21, MW-21P MW-22, MW-22P and MW-23 will be drilled 

and installed as a part of the Groundwater Quality Assessment Plan (RMT, 1992) and 

will be included in the groundwater monitoring plan (see Figure 11·2). Four existing 
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Table 11-1 

WATER QUALITY PARAMETERS AND WASTE CONSTITUENT 
ANALYTICAL METHODS AND PRACTICAL QUANTITATION LIMITS 

pH" 9040/9041 0.1 pH unite 

Alkalinity 403 20 mg/L 
Carbonate/Bicarbonate 

Total Organic Carbon 
. 

9060 0.25 mg/L 

Total Organic Halogen 
. 

9020 0.010 mg/L 

Iron -ICP 6010 0.10 mg/L 

Chloride 9250 2.0 mg/L 

Fluoride EPA340.2 0.1 mg/L 

-ICP 6010 0.005 mg/L 

Nitrate, Nitrogen 9200 0.05 mg/L 

Phenols (colorimetric) 9066 0.01 mg/L 

Sodium -ICP 6010 0.50 mg/L 

Specific Conductance @ 9050 1 o J.llllhos/cm 
25oc· 

SuKate 9036 10 mg/L 

Appendix IX compounds detected at concentrations above the Practical Quantitation Limits 
as determined from the assessment 

Notes: 

Practical Quantitation Limits are for RMT Laboratories. 

* Denotes indicator parameters. 
ICP Inductively Coupled Plasma Emission Spectrophotometry. 
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Table 11-2 

SUMMARY OF GROUNDWATER ELEVATIONS 
SEBRING LANDFILL 

American Steel Foundries 
Alliance, Ohio 

1126.73 

34.82 36.19 

1091.91 1090.54 

1126.09 

35.31 

1090.78 

1101.96 

25.25 27.00 

1076.71 1074.96 

1093.14 

16.46 17.90 

1076.68 1075.24 

1085.13 

8.72 10.30 

1076.41 1074.83 

1085.20 

10.15 

1075.05 
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wells, MW-1A, MW-4A, MW-13 and MW-14, will be incorporated into the monitoring well 

network. All of the monitoring wells are constructed of poly vinyl chloride (PVC) risers and well 

screens. Water levels will be monitored at all of the wells. An additional five existing 

monitoring wells, MW-1 through MW-4 and MW-12, will be used to monitor water levels only. 

Table 11-3 summarizes the function of all monitoring wells for the monitoring well network. 

Four wells, MW-1A, MW-14, MW-19 and MW-19P, are located upgradient to monitor 

background water quality data. One monitoring well, MW-23, is located such that sidegradient 

water quality data will be monitored. The remaining seven monitoring wells, MW-13 and MW-

20 through MW-22P, will monitor groundwater quality downgradient of the Sebring facility. 

Monitoring well locations can be seen in Figure 11-2. 

11.2.3 Groundwater Sampling and Analysis 

Groundwater sample and analysis will follow the requirements of 40 CFR 265.92 and OAC 

3745-65-92 with the addition of two parameters detected in surface water and groundwater 

samples collected during previous site investigations. Analysis will be performed for the 

parameters listed in Table 11-1. Analysis will also include compounds detected at 

concentrations above the POLs as determined from the Groundwater Quality Assessment Plan 

(RMT, 1992). Groundwater samples will be collected and analyzed following the procedures 

outlined in the groundwater sampling and analytic methods, Section 11.3, describing 

procedures and techniques for: 

• Sample collection; 

• Sample preservation and shipment; 

• Analytical procedures; and 

• Chain-of-custody control. 

For the first year of monitoring, the wells will be sampled quarterly and analyzed for the 

parameters listed in Table 11-1. For each of the indicator parameters specHied, four replicate 

measurements will be obtained for each sample and the initial background mean and variance 

will be calculated. Mean and variance will be determined by pooling the replicate 

measurements for the respective parameter concentrations, or values, in samples obtained 

from upgradient wells during the first year. 
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MW-1· X 

MW-1A X 

MW-2" X 

MW-3• X 

MW-4. X 

MW-4A X 

MW-12• X 

MW-13 

MW-14 X 

MW-19 X 

MW-19P X 

MW-20 X 

MW-21 X 

MW-21P X 

MW-22 X 

MW-22P X 

MW-23 _, 
. 

Wells monitored for water levels only . 

Table 11·3 MONITORING WELL SYSTEM 
SEBRING FACILITY, AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

X X 

X X X 

X X I 

X X 

X X 

X X X 

X X 

X X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X 

X X X X 

.. 
The well screen will be placed In the most penneable zone or layer encountered within the shaley bedrock formation at these 
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After the first year, all monitoring wells will be sampled and analyzed with the following 

frequencies: 

• Annually for drinking water parameters and for parameters to establish 
groundwater quality (see Table 11-1). 

• Semiannually for the indicator parameters (see Table 11-1). 

Groundwater elevations will be measured at all monitoring wells each time a well is sampled. 

As required by 40 CFR 265.93 and OAC 3745-65-93, an outline of a groundwater quality 

assessment program has been submitted lor Agency approval in April, 1992. The outline 

describes a comprehensive groundwater monitoring program capable of determining: 

• If hazardous waste or hazardous waste constituents have entered the 
groundwater. 

• The rate and extent of migration of hazardous waste or hazardous waste 
constituents in the groundwater. 

• The concentrations of hazardous waste or hazardous waste constituents in the 
groundwater. 

11.3 Groundwater Sampling and Analysis 

11.3.1 Field Procedures 

2169.05:ATZ:ASF0112 

Measuring Static Water Level - Static water levels will be measured in each well prior 

to purging or sampling. All groundwater level measurements will be made using a 

surveyed reference point established on the well casing. The reference point will be 

the highest point of the PVC well casing. 

A battery-operated water level indicator will be the primary device for water level 

measurements. The indicator is a self-contained transistorized instrument equipped 

with a cable and sensor which activates a buzzer and a light when it comes in contact 

with the water. The depth to water is read from permanent increment markings on the 

cable. 
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In case of instrument failure, depth to groundwater will be measured by a plopper tape 

which is a bell- or cup-shaped weight attached to a measuring tape. When lowered 

into the well, a 'plopping' sound is made when the weight strikes the surface of the 

water. An accurate reading can be determined by lifting and lowering the weight in 

short strokes, and reading the tape when the weight just strikes the water. Depth to 

water will be recorded to the nearest 0.01 foot. 

In order to prevent cross-contamination, the water level measuring device will be 

decontaminated between wells by rinsing first with a soapy water solution and then 

with distilled water. 

Purging Wells - The monitoring wells will be purged to remove stagnant water and 

allow for the collection of representative groundwater samples. Before purging each 

well, five well volumes will be calculated. The steps to calculate the purging volumes 

are as follows: 

1. Measure depth to water and depth to the bottom of the well. 

2. Subtract depth to water from the depth to bottom. 

3. For a 2-inch well, muttiply the result obtained in Step 2 by 
0.163 gallon/foot, then muttiply that by 5. 

Purging for 2-inch wells will be accomplished by the following steps: 

1. 

2. 

3. 

4. 

Place a plastic dropcloth around the well to minimize possible 
contamination of sampling equipment with soil. 

Remove five well volumes of water to obtain a sample of fresh water 
from the formation. II the well bails dry, the sample will be collected as 
soon as there is a sufficient volume recharged to the well to fill all 
sample bottles. 

Remove water from each well using a separate pre-cleaned bailer. A 
Tellon®-coated, stainless-steel cable will be attached to the bailer; new 
polypropylene rope will also be attached to the cable. 

Measure water removed in gallons, to ensure that sufficient volume is 
purged to remove stagnant water not representative of in-situ 
conditions from the well. 
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5. Bail in such a manner as to prevent excessive amounts of agitation. 

6. Record observations of odor, color, and degree of turbidity. 

Sample and Data Collection at Each Well - Samples will be collected immediately 

after purging. Procedures for the sampling of the monitoring wells are as follows: 

1. Set up littering equipment and prepare pH and specific conductance 
meters. 

2. Label bottles by writing the well number, project name, date, the 
sampler's name, and the time of day in the sampler section. 

3. Collect samples using the dedicated bailer and a bottom-emptying 
device to prevent excessive amounts of agitation and aeration. 

4. Fill bottles for unfittered samples first. 

5. Collect a sample for filtering and performing field measurements, after 
filling bottles for unfiHered samples. 

The instruments used in the field, and their calibration procedures, are described 

below. 

Temperature: Each field thermometer will be inspected before each field trip 

to see that it is not cracked and that there are no air spaces or bubbles in the 

mercury. Before using a thermometer in the field, field personnel will make a 

visual observation to ensure that it has not been damaged. The temperature 

of the groundwater sample will be recorded to the nearest o.s•c immediately 

after the sample is removed from the well. 

Specific Conductance: The specific conductance of the liquid will be 

measured in the same groundwater sample used for the temperature 

measurement. A portable specific conductance meter will be used to measure 

the specific conductance of the groundwater sample. Each meter will be 

checked before each field trip and daily while in the field. Batteries will be 
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checked, and conductivity cells will be cleaned and checked against a known 

standard (0.01M KCI which reads 1413 11mhos@ 25'C). 

YSI 33 S-C-T Meter - Specifications 

Range: 0-500, 0-5,000, 0-50,000 11mhos/cm. 

Meter Accuracy: 

Probe Accuracy: 

Readability: 

±2.5% maximum error at 500, 5,000, and 50,000 plus 
probe error. 
±3.0% maximum error at 250, 2,500, and 25,000 plus 
probe error. 

±2% of reading 

2.5 11mhos/cm on 500 11mhos/cm range 
25 11mhos/cm on 5,000 11mhos/cm range 
250 11mhos/cm on 50,000 11mhos/cm range 

pH: The pH measurements will be made electrometrically using a combination 

electrode and portable pH meter. The measurements will be recorded to the 

nearest 0.1 pH unit. Portable meters with provisions for temperature 

compensation will be used. The meter will be checked before each field trip 

and daily while in the field for any mechanical or electrical failures, weak 

batteries, and cracked or fouled electrodes. The meter and electrode also will 

be checked against at least two standard buffer solutions of known pH values 

(e.g., 4, 7, and 10). While in the field, the meter will be checked several times 

per day with fresh buffers. In case of an apparent discrepancy in a pH 

measurement, the electrode will be checked with pH 7.0 buffer and 

recalibrated to the closest reference buffer to the pH of the sample. The 

sample will then be reanalyzed. Duplicate analyses will be made until they 

agree within 0.1 pH unit. The buffer solution containers will be refilled each 

day from fresh stock solution. Decontamination of the pH probe will be done 

by rinsing with distilled water. A separate, clean beaker will be used at each 

well for conductivity and pH measurements to eliminate the possibility of cross

contamination. 
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Orion Research Analysis pH Meter - Specifications 

pH Range: 

mV Range: 

0 to 14 with ±0.01 pH repeatability and ±0.05% 
accuracy. 

-999 to 999 mV, with ±1.0 mV repeatability and ±5% 
mV accuracy. 

Examples of field data sheets, meter calibration logs, and procedures to 

complete the field notes are given in Appendix I. A log of meter calibrations 

and checks will be maintained during each sampling event. The calibration 

and checks will be performed a minimum of four times a day following the 

procedures specified in the meter manuals. 

Field Filtering - Filtering in the field will be required for all of the inorganic parameters 

(except cyanide and sulfide) to prevent changes due to chemical precipitation or 

biological activity, and to collect a more representative sample of the water moving 

through the ground. In many cases, there may be a small amount of silt or clay in the 

water after purging the well. This sediment is not representative of constituents 

transported in groundwater flow systems in porous media. The filtering is performed 

in the field immediately after sample collection because even short delays may 

significantly change the water chemistry. 

An in-line filtering system, consisting of a disposable filter, bailer, and small hand 

pump, will be used to collect and finer the samples for inorganics analysis. The pump 

forces water out of the bailer and through the filter. The possibility of cross

contamination is minimized by the use of dedicated bailers and disposable filters 

which are not reused from one well to another. 

Equipment Cleaning Procedures Between Sampling Events - All equipment used for 

sampling that is not dedicated (purging bailers, water level measuring devices, etc.) is 

decontaminated after the sampling event using the following methods: 

1. Prepare a soapy water bath using laboratory-grade detergent. 
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2. Wash the inside and outside of filtering equipment with a fine-bristle 
brush. 

3. Unwind and soak water level measuring devices in soapy water; wipe 
clean with a cloth. 

4. Rinse all equipment with tap water. 

5. Rinse inside and outside of all equipment, except water level 
measuring devices, with dilute 1:1 nitric acid. 

6. Rinse all equipment with deionized water. 

7. Dry all equipment, except water level measuring devices, in oven at 
1 osoc, and seal in polypropylene plastic to prevent contamination. 

Equipment Cleaning Procedures Between Monitoring Wells - The procedures to be 

followed for cleaning equipment in the field between wells are as follows: 

1. Rinse all equipment with fresh soapy water. 

2. Rinse all equipment with fresh distilled water. 

3. Dispose rinsate on the ground surface near each well sampled. 

11.3.2 Sample Preservation Methods 

The preservation methods for the parameters to be analyzed are listed in Table 11-4. 

11.3.3 Chain-Of-Custody Guidelines 

A Chain-of-Custody Form is a written record of sample possession and transference, 

and is considered to be a legal document. The guidelines for the Chain-of-Custody 

Form to be used by sampling and laboratory personnel to ensure proper tracking are 

outlined below. An example of a Chain-of-Custody Form is included in Appendix J. 

While filling out the Chain-of-Custody Form, it is important to use only black ink and to 

write legibly. Errors are to be corrected by drawing a single line through the incorrect 

information and entering the correct information. All corrections are to be initialed and 

dated by the person making the correction. 
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Appendix IX Metals 

Antimony Polyethylene HN03 6 months 

Arsenic Polyethylene HN03 6 months 

Barium Polyethylene HN03 6 months 

Beryllium Polyethylene HN03 6 months 

Cadmium Polyethylene HNO, 6 months 

Chromium (Total) Polyethylene HNO, 6 months 

Cobalt - •L HNO, 6 months r"UIY""'Y'"' "' 

- HNO, 6 months o-UIY"liiYI""" 

Lead - HNO, 6 months r'UIY"liiYI""" 

Mercury rUIY"" IYI"II" HNO, 28 days 

Nickel r-UIY"LIIYI""" HNO, 6 months 

Selenium IIYI""" HNO, 6 months 

Silver ·uly.,ulyl.,ll" HNO, 6 months 

Thallium . HNO, 6 months ·u1Y""IYI"11" 

Tin . HNO, 6 months ·u1Y""IY1" 11" 

Vanadium . HNO, 6 months ·uiY"" 1YI"11" 

Zinc . HNO, 6 months ·uiY"liiYI""" 

Cycuuue (Total) ~· NaOH 14 days -u1Y"'11Y1" 11" 

SuHide (Total) Amber Glass Zn Acetate + NaOH 7 days 

IX 

Volatile Organ1c 1unds Glass, Teflon®-Lined Septum HCI 14 days 

Other Parameters 

Fluoride Polyethylene None 28 days 

Nitrate Polyethylene None 48 hours 

Chloride Polyethylene None 28 days 

Phenols Glass SuHuric Acid 28 days 

Sulfate Polyethylene None 6 months 

Total Organic Carbon Glass, Teflon®-Lined Lid SuHuric Acid 28 days 

Total Organic Halogen Amber Glass, Teflon®-Lined Lid H2so. 28 days 

A1Ka111 ony,caruu1 llli:llt' Polyethylene None 14 days 

pH Field Analyzed Field Analyzed --
Conductance Field Analyzed Field Analyzed -

·- All samples are kept cool (4"C) during transport and storage, regardless of parameter. 
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A checklist of information that must be included on the Chain-of-Custody Form is as 

follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Bottles prepared by - The laboratory providing the bottles must sign 
their name here. 

Date I Time - To be filled out by the person preparing the bottles. 

Office code - To be filled out by the person preparing the bottles. 

Project no. -To be completed by the laboratory. 

Client -To be completed by the laboratory. 

Sampler - The person/persons collecting the samples must sign their 
name and print their name under their signature. The date and time 
the sampler relinquishes the samples to e~her the laboratory or 
shipper must also be recorded. 

Laboratory no. - This number is a unique identification number 
assigned by the laboratory. 

Year I Date - The year and date the samples are collected. 

Time - The time the sample is collected. This time MUST also be 
noted on the sample bottle. 

Sample station ID -The location the sample was collected from, e.g., 
Pit 1, Tank 17, etc. 

Total number of containers - Add up all of the bottles filled, and write 
total here. 

Sample type - Circle sample type listed on Chain-of-Custody Form. 

Container inventory - To be completed by laboratory providing the 
bottles. 

Filtered - Place Y (yes) or N (no) to indicate whether the sample in a 
particular bottle is filtered or not. 

Preserved - To be completed by laboratory. 

Refrigerated - To be completed by laboratory. 

Comments - Sampler may provide additional information about a 
sample, e.g., if an odor is present. 

Relinquished by I Received by - This part of the form is a record of 
the individuals who actually had the samples in their custody. The 
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spaces must be used in chronological order as the Chain-of-Custody 
Form is transferred with the samples. 

(1) 
(2) 
(3) 
(4)-(6) 

Sampler signs when relinquishing custody. 
Person accepting custody of samples from sampler signs. 
Person in (2) must sign when relinquishing custody. 
These are completed as necessary in the same manner as 
above. 

Note: If commercial carriers are used, the name of the carrier. any 
airbill number, and date and time of relinquishing is written in by 
sample entry or field personnel, and the airbill is attached to the 
Chain-of-Custody Form. The final signature is that of the person 
receiving the samples at the laboratory. 

19. Seal # - Not applicable. 

20. Seal # - Not applicable. 

21. Hazards associated with samples - This section is for field use. It can 
include any known Q[ suspected hazard associated with the samples. 
Sample entry personnel may add information to this section based on 
project manager or supervisor communication to the laboratory after 
samples are received. Laboratory group supervisors will use any 
hazard information to update and revise their analysis before work is 
started. 

11.3.4 Sample Shipment Methods 

Time Period - At the completion of the sampling event, samples will be transported to 

the contracted laboratory immediately to ensure that holding times of the analyses 

(Table 11-4) are met. 

Handling-

1. Method of Transport - The method of transport used should be one 
that will ensure that the samples will be delivered to the laboratory 
overnight, such as Federal Express. 

2. Transport Container and Packing - The samples will be transported in 
48-quart coolers. 

Sample packaging procedures will include the following: 

• Place several layers of cushioning (bubble pack) in the 
bottom of the cooler. 
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• 

• 

• 

• 

Place cushioning material around all glass bottles . 

Fill a plastic garbage bag with ice, and place on top of 
samples. Place completed chain-of-custody in Ziploc® 
bag and tape to inside cover of cooler. 

Tape the drain on cooler shut, and wrap the cooler 
completely with tape in two locations. 

Place 'This Side Up" and "Fragile" labels on cooler . 

3. Labels for the transport containers will be addressed to the contracted 
laboratory. 

Sample Bottle Labels - Each sample bottle will be labeled so that the analytical 

laboratory has the following information: 

• Site identification 

• Sampling date and time 

• Sample identification or location 

• Sampling crew 

• Type of analysis to which the groundwater will be subjected 

All labels are color coded to indicate the type of preservative in the bottle (e.g., Red -

Nitric acid, Yellow - Su~uric acid, Black - No preservative). 

11.3.5 Quality Assurance and Quality Control 

Field QA/QC Procedures - A field (equipment rinsate) blank will be collected during 

each sampling round and submitted to the laboratory to assess the quality of the 

analytical data. This sample will be taken near the monitoring well with the highest 

specific conductance. The intent of the field blank is to ensure that the nondedicated 

filtering equipment has been effectively cleaned, and will consist of distilled or 

deionized water which has been subjected to the same field methods as the samples 
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from the monitoring wells. The field blank will be analyzed for the same parameters as 

the groundwater samples. The procedures for the collection of the field blank are as 

follows: 

1. Decontaminate the filtering equipment using the specified procedure 
as described previously in Section 11.3 on cleaning procedures 
between monitoring wells. 

2. Pour a portion of deionized water into the decontaminated filtering 
equipment, and filter it as though it were a groundwater sample. 

3. Pour the filtered sample into the appropriate bottles, and place bottles 
on ice. 

4. Perform pH, conductivity, and temperature measurements. 

A trip blank, prepared by filling two 40-mL volatile organic compound vials with 

organic-free water, will be shipped with each field kit (cooler), and will follow the 

sample bottles through the field collection and shipment to the laboratory. The trip 

blanks will be analyzed for Appendix IX volatile organic compounds. 

One field duplicate will be collected per sampling event and analyzed for the same 

parameters as the other groundwater samples. 

Laboratory QA/QC Procedure - The quality assurance manual is an in-house 

document which discusses all of the analytical procedures to be followed by the 

contracted laboratory in order to meet data quality objectives, as well as to meet 

pertinent regulatory requirements. RMT Laboratories' ONQC manual is appended to 

this plan (Appendix K). Control samples will be analyzed as appropriate for the 

SW 846 analytical method. 
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11.4 Data Analysis and Reporting 

After four quarters of sampling and analysis, parameter concentrations greater than the POLs 

will be evaluated by comparing background with downgradient concentrations, using generally 

accepted statistical principles and statistical test methods appropriate for the number and 

distribution of chemical parameters or hazardous constituents. As outlined by the federal and 

Ohio hazardous waste rules, one of the following statistical methods will be used to compare 

upgradient and downgradient concentrations. 

• A parametric analysis of variance (ANOVA) followed by multiple comparison 
procedures to identify statistically signHicant evidence of contamination. The 
method will include estimation and testing of the contrasts between each 
downgradient well's mean and the background mean levels for each 
constituent. 

• An ANOVA based on ranks followed by multiple comparison procedures to 
identify statistically signHicant evidence of contamination. The method will 
include estimation and testing of the contrasts between each downgradient 
well's median and the background median levels for each constituent. 

• A tolerance of prediction interval procedure in which an interval for each 
constituent is established from the distribution of the background data, and 
the level of each constituent in each downgradient well, is compared to the 
upper tolerance or prediction limit. 

• A control chart approach that gives control limits for each constituent. 

• Another statistical test method submitted by the owner or operator and 
approved by the United States EPA and the OEPA. 

The results of these comparisons will provide specific information regarding hazardous wastes 

and/or hazardous waste constituents, if any, that may have been released from the landfill and 

entered the groundwater. 
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Section 12 

CLOSURE COST ESTIMATES 

12.1 Final Closure 

The final closure construction cost is estimated to be $934,000, as can be found in 

Appendix l. The unit costs shown were based on RMT's experience in estimating engineering 

costs for other recent landfill closure{construction projects and actual bid tabulations from 

those projects. 

12.2 Post-Closure Care 

The first year of care includes four rounds of sampling and analysis for each of the twelve 

wells. The remaining years will have one round of sampling and analysis per well per year. 

The cost of post -closure monitoring is subject to the results of the proposed groundwater 

assessment plan, as discussed in Section 11.2. 

The annual post-closure cost is estimated to be $56,000 for the first year and $544,000 for 

years 2 through 30, in 1992 dollars. Post -closure care will be implemented immediately after 

the site is closed, and ASF will continue the program for 30 years. 

12.3 Financial Assurance 

Proof of financial assurance for closure and post-closure, as required by the Consent Decree, 

will be included under separate cover. 
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Section 13 

CLOSURE DOCUMENTATION 

An independent registered professional engineer (or representative) will be present during 

critical closure activities. 

When closure is completed, the independent engineer will prepare documentation that the 

waste management area has been closed in accordance with the concepts of the approved 

Closure Plan. Closure will be documented by both ASF and the independent registered 

professional engineer. A closure documentation report will be submitted to the OEPA and 

USEPA by registered mail within 60 days of the completion of the closure activities. The 

report will contain a detailed description of closure activities, including the following: 

• Discussion of regrading. 

• Discussion of final cover construction, and seeding, fertilizing, and mulching. 

The report will also contain photographs of closure activities, contractor submittals, as-buitt 

plan sets and other relevant closure documentation information. 

The owner and engineer will sign the following certification statement as required by OAC 

3745-50-42(D): 

'I certify under penatty of law that this document and all attachments were prepared 
under my direction or supervision in accordance with a system designed to assure 
that qualified personnel properly gather and evaluate the information submitted. 
Based on my inquiry of the person or persons who manage the system, or those 
persons directly responsible for gathering the information, the information submitted is, 
to the best of my knowledge and belief, true, accurate, and complete. I am aware that 
there are significant penalties for submitting false information, including the possibiltty 
of fine and imprisonment for knowing violations. • 

Information which supports the Closure Documentation Report and the certification will be 

retained, pending approval of the Documentation Report. 
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Section 14 

FACIUTY STATUS AFTER CLOSURE 

After closure of the Sebring Facility, there will be no further RCRA activity at this location. As 

required, ASF will record a copy of the consent judgement with the Mahoning County 

Recorder such that it shall appear as a matter of public record in any subsequent title search. 
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Appendix A 

LABORATORY REPORTS FOR CHEMICAL ANALYSIS OF WASTES 
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C-14 

American Steel Foundries 

July 26, 1985 

ME"XORAJ;DU!-1 

Al.LI.AJKE WORKS 
ELECTRIC A.~C FU~CE DUST/SLu~E 

TEST RESULTS 

A study of the Alliance ~crks' disposal practices revealed that 

the t:yical proportion of Clarifier sludge and L~ dust is 36:1. Tne 

EP toxicity, acetic acid procedure as specified in 40 CFR, Part 261, 

Subpart C , vas folloved to determine if the vaste ~as hazardous. To 

dete~e a vorst case ccnbination, another sanple vas prepared using 

4 parts sludge and 1 part dust. Both tests vere conducted in 1981 and 

the results are listed bel~•= 

36 :1 !1TX 4 :1 MIX 

Arsenic =.g/L .03 * 
Bari~ -=:g/L .05 * 
Ca~im::l rog/L ..(_.001 .C:::..01 

Chro-...i= rog/L <:::. 001 * 
Lead ~g/L .03 L .05 

1-iercury r:g/L .0003 * 
Sele:oi= !:lg/L .<(. 010 * 
Silver r:g/L ~.001 * 

C. A. RUUD 

* not. .analyzed 

........ Amsted 
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C-15 

·TRI~STATE LABORATORIES, INC . 

American Steel 
1001 E. Br~adway 

Alliance, Jhio 44601 
Terry Bradway 

Dear Kr. Bradway: 

45 N. CANFIELD-NILES RD. 

AUSTINTOWN. OHIO 44515 

(216) 793·8800 

EP Toxicity Extraction per the Federal Register, Vol. 45- No. 98, 
Monday, Kay 19, 1980, Book 2. 

Lab. 1.0.: . 
Samp 1 e I • D. : 
Rec.,ived: 
Sample Description: 

Arsenic, mg/L as As 
Barium, mg/L as Ba 
Cadmi~<m, mg/L as Cd 

Chromium, mg/L as Cr 
Lead, mg/L as Pb 
Kercury, mg/L as Hg 

Selenium, mg/L as Se 

5ldr.{}L 

85021215 
Electric furnace dust 
2/12/85 
Single phase-solid 

Distilled water leach 

Fi nill 
Concentration 

0.006 
0.27 
0.002 

2. 51 
0.07 
0.0007 

0. 021 

Edward F. Coni in, ~.anager 

\.later Ecology Division 

EFC/bh 
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TRI--:STATE LABORATORIES, INC. 

American Steel 
1001 E. Broadway 
Alliance, Ohio 44601 
Terry Bradway 

Dear Hr. Bradway: 

45 N. CANFIELD- NILES RD. 

AUSTINTOWN, OHIO 44515 

(216) 793·8800 

EP Toxicity Extraction per the Federal Register, Vol. 45 - No. 98, 

Monday, Hay 19, 1980, Book 2. 

Lab. I.D.: 
Samp 1 e I • D. : 
Received: 
Sample Description: 

Arsenic, mg/L as As 
Barium, mg/L as Ba 
Cadmium, mg/L as Cd 

Chromium, mg/L as Cr 
Lead, mg/L as Pb 
Mercury, mg/L as Hg 

Selenium, mg/L as Se 

bZ:trU 

85021216 
Compos·i.te from refuse 
2/12/85 
Single phase- solid 

site 

Final 
Concentration 

0.002 
0.76 
0.021 

0.32 
0.58 
0.0018 

0.168 

Edward F. Conlin, Manager 
\later Ecology Division 

EFC/bh 
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.. 
TRI-:STATE LABORATORIES, INC. 

American Steel 
1001 E. Broadway 
Alliance, Ohio 44601 
Terry Bradway 

Dear Mr. Bradway: 

45N.CANFIELD-NILES RD. 

AUSTINTOWN, OHIO 44515 

(216) 793-8800 

EP Toxicity Extraction per the Federai ~egister, Vol. 45- ~o. 53, 

Monday, Hay 19, 1980, Book 2. 

Lab. I.D.: 
Samp 1 e I • D. : 
Rec·e ived: 
Sample Description: 

Arsenic, mg/L as As 

Barium, mg/L as Ba 
Cadmium, mg/L as Cd 

Chromium, mg/L as Cr 
Lead, mg/L as Pb 

Mercury, mg/L as Hg 

Selenium, mg/L as Se 

Cyanide, mg/L as CN 
Phenol, mg/L as c6H

5
0H 

Flouride, mg/L as F 

p;;~r(Jk 
Edward F. Conlin, Manager 
Water Ecology Division 

85021214 
Spent foundry sand 
2/12/85 
Single phase- Solid 

Distilled water leach 

Final 
Concentration 

0.006 
NO ((0.1) 

0.003 

0.02 
ND((0.03) 
0. 0_019 

NO (<.O. 002) 

ND(ZO.l) 
0.278 

0.44 



....... 

-..• 
! 

' 

.... -lc 

TRI~STATE LABORATORIES, INC. 

Ar.lerlcan Steel 
1001 E. Broadway 
Alliance, Ohio 4~601 

Terry Bradway 

Dear Mr. Bradway: 

45 N. CANFIELD- NILES RD . 

AUSTINTOWN, OHIO 44515 

(216) 793-8800 

EP Toxicity Extraction per the Federal Register, Vol. 45 - Ho. 98, 

~~nday, Hay 19, 1980, Book 2. 

Lab. I.D.: 
Sample I.D.: 
Received: 
Sample Description: 

Arsenic, mg/L as As 
Barium, mg/L as Ba 
Cadmium, mg/L as Cd 

Chromium, mg/L as Cr 
Lead, mg/L as Pb 
Mercury, mg/L as Hg 

Selenium, mg/L as Se 
Cyanide, mg/L as Cn 

Phenol, mg/L as c6H
5

0H 
Fluoride, mg/L as F 

Sincerely, ~ /? 

&:~x-~· 
Edward F.Conlin, Manager 
\.later Ecology Division 

850il213 
Sand washer sludge & air pollution control sludge 

2/12/85 
Biphasic 
23.4% Liquid phase 
76.6% Solid phase, Distilled water leac~. 

Fi na 1 
Concentration 

O.oo4 
HD((O.l) 
HDKO.OOl) 

o. 02 
0.03 
0.0012 

HD((O. 002) 

NO(< 0. 1) 
0.037 
o. 61 



American Steel Foundries 
3761 CANAL STREET • EAST CHICAGO, INDIANA 46lJ2 • {219) EX-7-0246 

January 9, 1992 

Ms. Betty Socha 
RMT, Inc. 
744 Heartland Trail 
P.O. Box 8923 
Madison, WI 53708-8923 

Dear Betty, 

Per your request, I am sending you copies of all the analyses 
we have to-date on materials which have gone to the ASF Alliance 
Landfill. 

Exhibit I describes the wastestreams which were taken to the 
landfill in the past and the current practice for those same 
\·laste streams. 

Exhibit II is a more detailed listing of the wastestreams and 
also indicates whether water leachate and/or TCLP analyses have 
been done. 

In addition, I have included a copy of the test results of 
eight boring samples from the landfill which were analyzed for EP 
Toxicity metals (see Exhibit III}. These samples were taken in 
accordance with EPA guidelines as published in SW-846, Volume II, 
Part III, Chapter 9 and represent an 80% level of confidence. 

Very truly yours, 

iy,-,n N~ 
Lynn Hall 

enclosure 

cc: H. Slattery 
C. Ruud (w/o enclosures} 

.•.•.... .r\msted 
INDUBTAIIB 



EXHIBIT II 

I I H20 Leachate ITCLP l 
Sludge X X 
Broken Core Butts 

-Shell X X 
- Alphaset X X 
- C02 X X 
-Baked X X 

Nonhazardous Bagouse Dust 

-Shot Blast X X 
- Cooling Bed X X 

I Spent Foundry 
Sand IX IX I I Slag I lx I I Refractory Brick I lx I 

I Sludge & EAF 
Mixture I IX I 



EXHIBIT I 

ITEM# ~1ATERIAL/WASTESTREAM l'AST CURRENT ESTIMATED %OF TOTAL %OF TOTAL %OF WASTE 
PRACTICE PRACTICl; QUANTITY/WEEK,. mSI'OSEll RECYCLED STREAM 

RECYCLED 

I Sludge ASF L..andfill S!Magc 200.0 ton 7·,2 0 

2 Rcfrachli"Y Brick ASFI...11ndCill ASF Lllnllfilt 50.0 ton LR 0 

J Broken Core Buns ASF Landfill Reclaimed 24.7ton 0,9 05 

Stornge 1.3 \l)n 

! ' Nonhaurdous Baghousc Dust ASF Landfill Offsite Penniucd 78.0 ton 2.8 0 
Facility 

5 Floor Sweeping• Trash Trash 20.0 ton 0.7 0 

6 Scrap Metal ASF Landfill & Remch 5.0 tcm 0,2 100 
Remeh 

1 Spent Foundry Sand 'Reclaim & Reclaim & 2000.0 Inn 72 9) ---------------- -------------------
ASF LAndfill ASF Lnndfill 150.0 ton 5.3 

' Slag ASF LnndtiU ASF Landlill 250.0 ton 9.0 0 

TOTAL 2779 ton 26.9 7J, I 

.. Quautitk-s based on 12 hcnts/dny production levt•l. 



RCRAl OEPA2 DWS3 ILL4 . 
Arsenic 5.0 1.5 0.05 .05 
Barium 100.0 30.0 1.0 1.0 
Cadmium 1.0 0.3 0.010 0.010 
Chromium 5.0 1.5 0.05 0.05 
Lead 5.0 1.5 0.05 0.05 
Mercury 0.2 0.06 0.002 N/A 
Selenium 1.0 0.3 0.01 0.01 
Silver N/A N/A N/A N/A 
Phenolics N/A 0.3 N/A N/A 
Cyanides N/A 0.2 N/A N/A 
Fluorides N/A 2.4 N/A 2.0 
Copper N/A N/A N/A 1.0 
Iron N/A N/A .30 1.5 
Manganese N/A N/A N/A 0.15 
Zinc N/A N/A N/A 5.0 
Chlorides N/A N/A N/A 250 
Nitrates N/A N/A 10.0 10.0 
Sulfates N/A N/A N/A 250 
IDS N/A N/A N/A 500 
Acidity N/A N/A N/A N/A 
Alkanlinity N/A N/A N/A N/A 
pH N/A N/A N/A 6.5-8.5 

1. EP toxicity test using Acid Leach (mg/L) (100 x DWS). 
2. OEP A Standard (30 x DWS) (mg/L). 
3. Ohio Drinking Water Standard (DWS) (mg!L). 
4. Proposed lllinois Standard for exempt waste mg!L. 

Sample 
007 
E.P. 
TOX 

ND 
0.12 
ND 
ND 
ND 
ND 
ND 
ND 
N/A 
N/A 
N/A 
ND 
1.2 

0.67 
.07 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

5. Samples were not analyzed for these parameters. 
6. Distilled water leachate test for comparison to OEP A Standard. 
7. Sample 007 was taken from spent foundry sand. 
8. Sample 008 was taken from a broken baked core. 

Sample 
007 

D.I.(6) 
H20 

ND 
0.05 
ND 
ND 
ND 
ND 
ND 
N/A 

need(5) 
need(5) 

0.3 
ND 
0.35 
ND 
ND 
4.0 
ND 
6.0 
58 

N/A 
28 
9.2 

Sample 
008 
EP 

TOX 

ND 
0.13 
ND 
ND 
:t-m 
ND 
ND 
ND 
N/A 
N/A 
N/A 
ND 
6.7 
.34 
.12 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Sample 
008 

D.I.(6) 
H20 

ND 
.05 
ND 
ND 
ND 
ND 
ND 
N/A 

need(S) 
need(5) 

0.2 
ND 
0.07 
0 01 
0.05 
10.0 
ND 
ND 
87 

N/A 
34 
9.0 



Date 5/22/91 Date Received : 
Date Extracted : 
Date J>.nalyzed : 

Analysis For : American Steel Foundries 

ASAP # : 9104-625 

customer I.D. E 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5/10/91 
5/13/91 

PARAMETER DL mg/L RL mg/L RESULTS rng/L 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0. 1 
0.1 
0.1 
0.1 
0. 1 
0.05 
0.05 
0.02 
0.02 
0. 1 
0. 1 
0.5 
0.1 
0. 1 
0. 1 
0.05 
0.05 
0.1 
0.1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 
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0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0. 13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH .~11LES ROAD. WARRE~SVILLE HEIGHTS. OHIO 4~ 128 

TEL' (216) 663-0808 • (800) 969-0808 
fAX (216) 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
EDL 
BDL 
EDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received 
Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-625 

Customer I.D. : E 

WATER LEACHABLE METALS 

4/23/91 
5/13/91 

ELEMENT DL ma/L RL mg/L RESULTS mq/L 

Arsenic 0.2 
Barium 0.008 
Cadmium 0.01 
Chromium 0.01 
Lead 0.05 
Mercury 0.0002 
Selenium 0.30 
Silver 0.006 

DL = Detection Limit 

RL = Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 
Mercury SW 846(7470) 
Extraction ASTM D3987-85 
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5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH MILES RO.A.D. 1\'.'\RRENSVILLE HEIGHTS. OHIO 44128 

. TEL' (216) 663·0808 • (800) 969·0808 
FAX \216) 663-0656 

0.55 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received : 
Date Extracted : 
Date Analyzed : 

Analysis For : American Steel Foundries 

ASAP I : 9104-624 

Customer I.D. : D 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5/9/91 
5/11/91 

PARA!1ETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.1 
0.1 
0.05 
0.05 
0.02 
0.02 
0.1 
0. 1 
0.5 
0.1 
0.1 
0.1 
0.05 
0.05 
0.1 
0.1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 
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0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0. 13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH Mll£5 ROAD. \\ARRENSVILLE HEIGHTS. OHIO 44128 

TEL' (216) 663-0808 • (800) 909-0808 
FAX' (216) 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received 
Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-624 

Customer I.D. : D 

WATER LEACHABLE METALS 

4/23/91 
5/10/91 

ELEMENT DL mg/L RL mg/L RESULTS mg/L 

Arsenic 0.2 
Barium 0.008 
Cadmium 0.01 
Chromium 0.01 
Lead 0.05 
Mercury 0.0002 
Selenium 0.30 
Silver 0.006 

DL = Detection Limit 

RL = Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 
Mercury SW 846(7470) 
Extraction ASTM D3987-85 
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5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO 44128 

TEL' (Z16) 663-0808 • (800) 969-0808 
F1\X: (Z16l 663-0656 

BDL 
0.13 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received : 
Date Extracted : 
Date Analyzed : 

Analysis For : American Steel Foundries 

ASAP # : 9104-623 

Customer I.D. : C A\p ho.~ C.o ;e ~'-'- +J.s 
WATER LEACP~BLE COMPOUNDS 

4/23/91 
5/9/91 
5/15/91 

PARAMETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
a-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0. 1 
0.1 
0.05 
0.05 
0.02 
0.02 
0. 1 
0.1 
0.5 
0.1 
0. 1 
0.1 
0.05 
0.05 
0.1 
0. 1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 

Page 13 of 46 

0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0.13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO .l4128 

TEL (21u) 663-0808 • (800) 969-0808 
fA.Xo (216) 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



-

Date : 5/22/91 Date Received 
Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-623 

customer I.D. : c 

WATER LEACHABLE METALS 

4/23/91 
5/10/91 

ELEMENT DL mcr/L RL mg/L RESULTS mg/L 

Arsenic 0.2 
Barium 0.008 
Cadmium 0. 01 
Chromium 0.01 
Lead o.os 
Mercury 0.0002 
Selenium 0.30 
Silver 0.006 

DL = Detection Limit 

RL = Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 
Mercury SW 846(7470) 
Extraction ASTM D3987-85 
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5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH MILES ROAD. WARR£~SVILLE HEIGHTS. OHIO 44128 

TEL: (216) 663'0808 • (800) 969-0808 
FAX: (216) 663-0656 

BDL 
0. 51 
BDL 
0.02 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received : 
Date Extracted : 
Date l'.nalyzed : 

Analysis For : American Steel Foundries 

ASAP # : 9104-627 

customer I. D. : G C.O:>.. c._ or e. \3,.._... -!-1-..s 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5/9/91 
5/11/91 

PARAMETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0.1 
0. 1 
0.1 
0. 1 
0. 1 
0.05 
0.05 
0.02 
0.02 
0.1 
0. 1 
0.5 
0.1 
0. 1 
0.1 
0.05 
0.05 
0. 1 
0. 1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 
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0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0.13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC 
19701 SOUTH MILES ROAD. \\:.\RRENSVILLE HEIGHTS. OHIO 44 !28 

TELo (216) 663-0808 • (800) 969-0808 

FAX: 0 it•l 663~00So 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 
Date Received 

Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-627 

Customer I.D. : G c._o,__ 

WATER LEACHABLE METALS 

4/23/91 
5/10/91 

ELEMENT 
DL mg/L RL mg/L RESULTS mg/L 

Arsenic 
0.2 

Barium 
0.008 

Cadmium 
0.01 

Chromium 
0.01 

Lead 
0.05 

Mercury 
0.0002 

Selenium 
0.30 

Silver 
0.006 

DL = Detection Limit 

RL Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 

Mercury SW 846(7470) 

Extraction ASTM 03987-85 
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5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC. 

19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO -14128 

TEL i216) 663·0808 • (800) 969-0808 

Fi\' i716) 663-0656 

BDL 
0.3 
BDL 
0.03 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received : 
Date Extracted : 
Date Analyzed : 

Analysis For : American Steel Foundries 

ASAP # : 9104-622 

Customer I.D. B 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5/9/91 
5/11/91 

PARAMETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
o-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.1 
0.1 
0.05 
0.05 
0.02 
0.02 
0. 1 
0.1 
0.5 
0. 1 
0.1 
0.1 
0.05 
0.05 
0. 1 
0. 1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 

Page 9 of 46 

0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0.13 
0.13 
0.5 
3. 0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC. 
19701 SOUTH MILES ROAD. WARRE~SVILLE HEIGHTS. OHIO 44128 

TEL: (216) 663-0808 • (800) 969-0808 
FAX:(216j 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



' ' 

-

Date 5/22/91 Date Received 
Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-622 

Customer I.D. : B 

WATER LEACHABLE METALS 

4/23/91 
5/10/91 

ELEMENT DL mg/L RL mg/L RESULTS mg/L 

Arsenic 0.2 
Barium 0.008 
Cadmium 0.01 
Chromium 0.01 
Lead 0.05 
Mercury 0.0002 
Selenium 0.30 
Silver 0.006 

DL = Detection Limit 

RL = Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 
Mercury SW 846(7470) 
Extraction ASTM D3987-85 

Page 11 of 46 

5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES, INC. 
19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO 44128 

TEL• (216) 663-0808 • (800) 969-0808 
FAX< (216\ 663-0656 

BDL 
0.26 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



oate 5/22/91 Date Received : 
Date Extracted : 
Date Analyzed : 

Analysis For : American Steel Foundries 

ASAP # : 9104-629 

Customer I.D. : I 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5113/91 
5/13/91 

PARAMETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
carbon tetrachloride 
Chlorobenzene 
Chloroform 
o-Cresol 
m-Cresol 
p-Cresol 
cresol 
1,4-Dichlorobenzene 
1,2-Dichloroethane 
1,1-Dichloroethylene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Methyl ethyl ketone 
Nitrobenzene 
Pentachlorophenol 
Pyridine 
Tetrachloroethylene 
Trichloroethylene 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
Vinyl chloride 

DL = Detection Limit 
RL = Regulatory Limit 

0.05 
0.05 
0.05 
0.05 
0.1 
0.1 
0.1 
0.1 
0.1 
0.05 
0.05 
0.02 
0.02 
0.1 
0.1 
0.5 
0. 1 
0.1 
0.1 
0.05 
0.05 
0.1 
0. 1 
0.05 

BDL = Below Detection Limit 
Method : EPA SW 846(8240,8270) 
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0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0.13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
0.5 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC 
19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO "~128 

TELo(216) 663-0808 • (800) 969-0808 
fAXo (216) 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 
Date Received 

Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-629 

Customer I.D. : I 

WATER LEACHABLE METALS 

4/23/91 
5/13/91 

ELEMENT 
DL ma/L RL mg/L RESULTS mg/L 

Arsenic 
0.2 

Barium 
0.008 

Cadmium 
0.01 

Chromium 
0.01 

Lead 
0.05 

Mercury 
0.0002 

Selenium 
0.30 

Silver 
0.006 

DL = Detection Limit 

RL = Regulatory Limit. 

BDL = Below Detection Limit 

Methods : EPA Method 

Mercury SW 

Extraction 

sw 846(6010) 

846(7470) 
ASTM D3987-85 
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5.0 

100.0 

1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC 

19701 SOUTH MILES F.0.-\0. \\:-\RRENSVILLE HEIGHTS. OHIO 44128 

TEL' i2l<oj 063·0808 • (800) CJ69-0SOS 

f '\X iZI6) 663-0656 

BDL 
0. 0 8 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 
Date Received : 
Date Extracted : 

Date Analyzed : 

Analysis For : American Steel Foundries 

ASAP I : 9104-628 

Customer I .D. : H Coeo l;.,~ G:,ed. [)'-'-:. i Co \lee. f.or 

WATER LEACHABLE COMPOUNDS 

4/23/91 
5/15/91 
5/16/91 

PARAMETER DL mg/L RL mg/L RESULTS mg/L 

Benzene 
Carbon tetrachloride 

Chlorobenzene 
Chloroform 
a-Cresol 
m-Cresol 
p-Cresol 
Cresol 
1,4-Dichlorobenzene 

1,2-Dichloroethane 

1,1-Dich1oroethylene 

2,4-Dinitrotoluene 

Hexachlorobenzene 

Hexachlorobutadiene 

Hexachloroethane 

Methyl ethyl ketone 

Nitrobenzene 
Pentachlorophenol 

Pyridine 
Tetrachloroethylene 

Trichloroethylene 

2,4,5-Trichlorophenol 

2,4,6-Trichlorophenol 

Vinyl chloride 

DL = Detection Limit 

RL = Regulatory Limit 

0.05 
0.05 
0.05 
o.os 
0.1 
0. 1 
0. 1 
0. 1 
0. 1 
0.05 
0.05 
0.02 
0.02 
0.1 
0.1 
0.5 
0.1 
0.1 
0.1 
0.05 
0.05 
0.1 
0.1 
0.05 

BDL = Below Detection Limit 

Method : EPA SW 846(8240,8270) 
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0.5 
0.5 
100.0 
6.0 
200.0 
200.0 
200.0 
200.0 
7.5 
0.5 
0.7 
0.13 
0.13 
0.5 
3.0 
200.0 
2.0 
100.0 
5.0 
0.7 
o.s 
400.0 
2.0 
0.2 

ASAP TECHNICAL SERVICES. INC. 

19701 SOUTH MILES ROAD. W\RRENSVILL[ HEIGHTS. OHIO 44128 

T[L: (216) 663-0808 • (800) 969-0808 

fAX: (216) 663-0656 

BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



Date 5/22/91 Date Received 
Date Analyzed 

Analysis For : American Steel Foundries 

ASAP # : 9104-628 

Customer I.D. : H 

WATER LEACHABLE METALS 

4/23/91 
5/10/91 

ELEMENT DL mg/L RL mg/L RESULTS mg/L 

Arsenic 0.2 
Barium 0.008 
Cadmium 0.01 
Chromium 0.01 
Lead 0.05 
lolercury 0.0002 
Selenium 0.30 
Silver 0.006 

DL = Detection Limit 

RL = Regulatory Limit 

BDL = Below Detection Limit 

Methods : EPA Method SW 846(6010) 
Mercury SW 846(7470) 
Extraction ASTM 03987-85 
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5.0 
100.0 
1.0 
5.0 
5.0 
0.2 
1.0 
5.0 

ASAP TECHNICAL SERVICES. INC 
19701 SOUTH MILES ROAD. WARRENSVILLE HEIGHTS. OHIO 44128 

TEL' (216} 663-0808 • (800} 969-0808 
FAX' (216} 663-0656 

BDL 
0.89 
BDL 
BDL 
BDL 
BDL 
BDL 
BDL 



General Data Table 

Client: Y~. Sarah Schafer 
P~erican Waste Services, Inc~ 

Liberty Centre, Suite 7 
3530 Belmont Ave. 
Youngstown, OH 44505 

,\nocd•l•d. 
One Tri;mf!k Drivt: 
Export 
Pcnn!iyklniJ. 1'>6~2 

412/133-Jl6l 

Antech Project No.: 90-2591 
Receipt Date: 12/18/90 
Verbal Report Date: NR 
Report Date: 1/14/91 
Page 1 of 2 

Reference: Waste Characterization; American Steel Foundries; Collected 
December l7, 1990 

Samule Identification 
12-0497 12-0498 12-0499 12-0500 

Parameter Units (4477) (4478) !4479) (4480) 

Flash Point "F >200 >200 >200 >200 
Paint Filter Liquid Test No Free No Free No Free No Free 

Liquid Liquid Liquid Liquid 
pH (1:1) pH units 6.10 10.15 9.10 7.60 
Polychlorinated Biphenyls }1g/g <1 <1 <1 <1 
Total Cyanide }1g/g <1 <1 <1 <1 
Reactive Sulfide }1g/g <10 19 19 26 
TCLP Metals: 

Arsenic mg/1 <0.1 <0.1 <0.1 <0.1 
Barium mg/1 <10 <10 <10 <10 
Cadmium mg/1 <0.1 <0.1 <0.1 <0.1 
Chromium mg/1 <0.1 <0.1 <0.1 <0.1 
Lead mg/1 <0.1 <0.1 <0.1 <0.1 
Mercury mg/1 0.05 0.02 <0.01 <0.01 
Nickel mg/1 <1 <1 <1 <1 
Selenium mg/1 <0.1 <0.1 <0.1 <0.1 
Silver mg/1 <0,1 <0.1 <0.1 <0.1 

TCLP Data: 
Initial pH pH units 8.50 10.15 9.35 6.40 
Final pH pH units 4.85 4.95 4.85 4.85 
Extraction Fluid 1 l 1 1 
Al::::lount of Sample 

used for Extraction g 100 100 100 100 

Shell C02 Alpha Baked 
Core Core Set Core Core 
Butts Butts Butts Bu.tts 



General Data Table 

Clie~t: Ms. Sarah Schafer 
P~erican Waste Services 1 Inc. 

Liberty Centre; Suite 7 
3530 Belmont Ave. 
Youngstown, OH 44505 

P~~cech Project No.: 90-2591 
Receipt Date: 12/18/90 
Verbal Report Date: NR 
Report Date: l/14/91 
Page 2 of 2 

Reference: Waste Characterization; American Steel Foundries; Collected 

Dece~ber 17, 1990 

Samnle Identification 
12-0497 12-0498 12-0499 12-0500 

Parameter Units (4477) (4478) (4479) (4480) 

TC~ Volatile Organic Analyses: 
Benzene pg/1 <50 <50 <50 <50 

Carbon Tetrachloride pg/1 <50 <50 <50 <50 

Chlorobenzene pg/1 <1,000 <1,000 <1,000 <1,000 

Chloroform pg/1 <500 <500 <500 <500 

1,2-Dichloroethane pg/1 <50 <50 <50 <50 

1,1-Dichloroethene pg/1 <50 <50 <50 <50 

2-Butanone pg/l <5,000 <5,000 <5,000 <5,000 

Tetrachloroethene pg/1 <50 <50 <50 <50 

Trichloroethene pg/1 <50 <50 <50 <50 

Vinyl Chloride pg/1 <50 <50 <50 <50 

TCL? BasefNeutral Extractables: 
1,4-Dichlorobenzene pg/1 <500 <500 <500 <500 

2,4-Dinitrotoluene pg/1 <10 <10 <10 <10 

Eexachlorobenzene pg/1 <10 <10 <10 <10 

Hexachlorobutadiene pg/1 <50 <50 <50 <50 

Hexachloroethane pg/1 <500 <500 <500 <500 

Nitrobenzene pg/1 <100 <100 <100 <100 

Pyridine pg/1 <500 <500 <500 <500 

TCL? Acid Extractables: 
a-Cresol pg/1 <5,000 <5,000 <5,000 <5, 000 

1:2-Cresol pg/1 <5,000 <5,000 <5,000 <5,000 

p-Cresol pg/l <5,000 <5,000 <5,000 <5,000 

Pentachlorophenol pg/1 <5,000 <5,000 <5,000 <5,000 

2.4,5-Trichlorophenol pg/1 <5 ,000 <5,000 <5,000 <5,000 

2,4,6-Trich1orophenol pg/1 <100 <100 <100 <100 

Shell Eaked 
Core Core 

Butts 
' 

Approved: '/#-( 

/ 



General Data Table 

Client: Ms. Sarah Schafer 
American Waste Services, Inc .. 
Liberty Centre, Suite 7 
3530 Belmont Ave. 
Youngstown, OH 44505 

Antcch led. 
One TriJnglc: Drive 
Export 
?cnnsykmi:t 1~632 

..;I:!/i33·1161 

Antech Project No.: 90-2591 
Receipt Date: 12/18/90 
Verbal Report Date: NR 
Report Date: 1/14/91 
Page 1 of 2 

Reference: Waste Characterization; American Steel Foundries; Collected 
December 17, 1990 

Parameter 

Flash Point 
Paint Filter Liquid Tesc 

pH (1:1) 
Polychlorinated Biphenyls 
Total Cyanide 
Reactive Sulfide 
TCLP Metals: 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Nickel 
Selenium 
Silver 

TCLP Data: 
·Initial pH 
Final pH 
Extraction Fluid 
Amount of Sample 

used for Extraction 

Units 

"F 

pH units 
pg/g 
pg/g 
pg/g 

mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 

pH units 
pH units 

g 

12-0501 
(4481) 

>200 
No Free 
Liquid 

9.20 
<1 
<1 
66 

<0.1 
<10 
0.1 
<0.1 
0.1 
<0.01 
3 
<0.1 
<0.1 

9.00 
6.50 
1 

100 

Shot 
Blast 
Dust 

Collector 

Sample Identification 
12-0502 12-0503 12-0504 

(4482) (4483) (4484) 

>200 
No Free 
Liquid 

9.50 
<1 
<1 
19 

<0.1 
<10 
<0.1 
<0.1 
<0.1 
<0.01 
<1 
<0.1 
<0.1 

9.75 
5.05 
1 

100 

Cooling 
Bed Dust 
Collectc:o 

>200 
No Free 
Liquid 

9.40 
<1 
<1 
36 

<0.1 
<10 
<0.1 
<0.1 
0.1 
<0.01 
<1 
<0.1 
<0.1 

8.80 
7.05 
l 

100 

Floor 
Sweeping 

>200 
No Free 
Liquid 

7.30 
<1 
<1 
<10 

<0.1 
<10 
<0.1 
<0.1 
<0.1 
<0.01 
<1 
<0.1 
<0.1 

7.20 
4. 90 
1 

100 

Dewatereci 
Clarifier 
Sludge 



General Data Table 

Client: Ms. Sarah Schafer 
American Waste Services, Inc. 
Liberty Centre, Suite 7 
3530 Belmont Ave. 
Youngsto~~. OH 44505 

Antech Project No.: 90-2591 
Receipt Date: 12/18/90 
Verbal Report Date: ~~ 

Report Date: 1/14/91 
Page 2 of 2 

Reference: Waste Characterization; American Steel Foundries; Collected 
December 17, 1990 

Parameter 

TCLP Volatile Organic Analyses: 
Benzene 
Carbon Tetrachloride 
Ch1orobenzene 
Chloroform 
1,2-Dichloroethane 
1,1-Dich1oroethene 
2-Butanone 
Tetrachloroethene 
Trichloroethene 
Vinyl Chloride 

TCLP BasejNeutral Extractables: 
1,4-Dichlorobenzene 
2,4-Dinitrotoluene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachloroethane 
Nitrobenzene 
Pyridine 

TCLP Acid Extractables: 
o-cresol 
m-Cresol 
p-Creso1 
Pentachlorophenol 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 

SamQle Identificatior 
12-0501 12-0502 12-0503 12-0504 

Units (4481) (4482) 14483) (4484) 

pg/1 <50 <50 <50 <50 
pg/1 <50 <50 <50 <50 
pg/1 <1,000 <1,000 <1,000 <1,000 
pg/1 <500 <500 <500 <500 
pg/1 <50 <50 <50 <50 
pg/1 <50 <50 <50 <50 
pg/1 <5,000 <5,000 <5.00G <5,000 
pg/1 <50 <50 <50 <50 
pg/1 <50 <50 <50 <50 
pg/1 <50 <50 <50 <50 

pg/1 <500 <500 <500 <500 
pg/1 <10 <10 <10 <10 
pg/1 <10 <10 <10 <10 
pg/l <50 <50 <50 <50 
pg/l <500 <500 <500 <500 
pg/l <100 <100 <100 <100 
pg/l <500 <500 <500 <500 

pg/l <5. 000 <5,000 <5,000 <5,000 
pg/l <5' 000 <5,000 <5,000 <5.000 
pg/l <5,000 <5,000 <5,000 <5,000 
pg/l <5' 000 <5,000 <5,000 <5,000 
pg/1 <5,000 <5,000 <5,000 <5,000 
pg/1 <100 <100 <100 <100 

Shot Cooling Floor Dewaterec 
3. last /l Bed Dust Sweepinj(' ClariL 

}~~ i:_~ . C~¥-r'/7 /, ,·Sludge 
ApprovedCv- 2t$f?<trJtl(' ./- •(/-;. '--d . ...k/ 

/ / 



Ill 
WADSWORTH/ ALERT 
LABORATORIES, INC. 

AMERICAN STEEL FOUNDRIES 

120501 SPENT FOUNDRY SAND·. 12-5-91 10:00 
WO t: 32808117 

... ~ 
· .. '>/--··: . 

.LAB #: A1L060047-002 
MATRIX: SOLID 

DATE RECEIVED: 12/06/91 
TCLP EXTRACTION DATE: 12/10/91 

- TCLP TOXICITY VOLATILE ORGANICS - - - - ~ - - - - - ~ - - -

Analysis performed in accordance with USEPA Toxicity'Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

PARAMETER 

Benzene 
Carbon tetrachloride 
Chlorobenzene 

Chloroform 
1,2-Dichloroethane 
1,1-Dichloroethene 

Methyl ethyl ketone 
Tetrachloroethene 
Trichloroethene 

Vinyl chloride 

SURROGATE RECOVERY 

· · 1, 2-Dichloroethane-d4 
·Toluene-dB 
4-Bromofluorobenzene 

IOU: 
AS lge£Im 

ID (iOi! omcm) 

RESULT 
(nig/1 

ND 
ND 
ND 

ND 
ND 
ND 

ND 
ND 
ND 

ND 

102 
96 
93 

REPORTING 
LIMIT METHOD 

0.005 SW846 8240 
0.005 SW846 8240 
0.005 SW846 8240 

0.005 SW846 8240 
0.005 SW846 8240 
0.005 SW846 8240 

0.05 SW846 8240 
0.005 SW846 8240 
0.005 SW846 8240 

0.01 SW846 8240 

ACCEPTABLE LIMITS 

( 70 - 121) 
(81-117) 
( 74 - 121) 

EXTRACTION- QC 
ANALYSIS DATE BATCH 

12/13/91 364036 
12/13/91 364036 
12/13/91 364036 

12/13/91 364036 
12/13/91 364036 
12/13/91 364036 

12/13/91 364036 
12/13/91 :3_64036 
12/13/91 364036 

12/13/91 364036 

' 



AMERICAN STEEL FOUNDRIES 

120501 SPENT FOUNDRY SAND 12-5-91 10:00 

LAB· I: .. AlL060047-002 A 
MATRIX: SOLID 

DATE RECEIVED: 12/06/91 
.TCLP EXTRACTION DATE: 12/10/91 

. BIAS CORRECTED 
- - - - -~ - - - - - - - - TCLP TOXICITY VOLATILE ORGANICS - - - - - - - - - - - - - -

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

RESULT REPORTING PREPARATION -
PARAMETER (mg/1 ) LIMIT CF METHOD ANALYSIS DATE 

Benzene ND 0.004 1.30 SW846 8240 12/13/91 
Carbon tetrachloride ND 0.004 1.30 SW846 8240 12/13/91 
Chlorobenzene ND 0.005 1.10 SW846 8240 12/13/91 
Chloroform ND 0.005 1.10 SW846 8240 12/13/91 
1,2-Dichloroethane ND 0.005 1.10 SW846 8240 12/13/91 
1,1-Dichloroethene ND 0.004 1.20 SW846 8240 12/13/91 
~ethyl ethyl ketone ND 0.033 1.50 SW846 8240 12/13/91 
Tetrachloroethene ND 0.005 1.00 SW846 8240 12/13/91 
Trichloroethene ND 0.004 1.20 SW846 8240 12/13/91 
Vinyl chloride ND 0.008 1.30 SW846 8240 12/13/91 

lOll: Biu Correctioa B<tch: JZB08 
CF (Biu Correcti01 Foetor) 
10 (101! O!T!C!!O) 

REG. 
LIMIT 

.500 

.500 
100.000 

6.000 
.500 
.700 

200.000 
.700 
.500 
.200 



LAB i: AlL060047-002 
MATRIX: SOLID 

.· 

AMERICAN STEEL FOUNDRIES 

120501 SPENT FOUNDRY SAND 12-5-91 10:00 .· 

DATE RECEIVED: .. · 12/06/91 .· . · 
·. TCLP EXTRACTION DATE:: 12/09/91 ' 

·- - - - - ~ - - TCLP TOXICITY CHARACTKRISTIC SEMIVOLATILE ORGANICS - - - - - - - - - -

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

RESULT REPORTING EXTRACTION- QC 
PARAMETER (mg/1 ) LIMIT METHOD ANALYSIS DATE BATCH 

Cresols, Total ND 0.04 SW846 8270 12/10-12/16/91 344064 
1,4-Dichlorobenzene ND 0.04 SW846 8270 12/10-12/16/91 344064 
2,4-Dinitrotoluene ND 0.04 SW846 8270 12/10-12/16/91 344064 

Hexachlorobenzene ND 0.04 SW846 8270 12/10-12/16/91 344064 
Hexachlorobutadiene ND 0.04 SW846 8270 12/10-12/16/91 344064 
Hexachloroethane ND 0.04 SW846 8270 12/10-12/16/91 344064 

Nitrobenzene ND 0.04 SW846 8270 12/10-12/16/91 344064 
Pentachlorophenol ND 0.2 SJo/846 8270 12/10-12/16/91 344064 
Pyridine ND 0.04 SW846 8270 12/10-12/16/91 344064 

2,4,5-Trichlorophenol ND 0.04 SW846 8270 12/10-12/16/91 344064 
2,4,6-Trichlorophenol ND 0.04 SW846 8270 12/10-12/16/91 344064 

SURROGATE RECOVERY ~ ACCEPTABLE LIMITS 

Nitrobenzene-ciS 38 ( 23 - 120) 
·2-Fluorobiphenyl 44 ( 30 - 115) 
Terphenyl-d14 57 ( 18 - 137) 
2-Fluorophenol 52 ( 25 - 121) 

•nol-d5 36 ( 24 - 113) 
~.4,6-Tribromophenol 64 ( 19 - 122) 

IIOTt: 
IS w:mu 

ID (10!! D!T!CT!Dj 

' 



WADSWORTH/ ALERT 
LABORATORIES, INC. 

. .· .. 

AMERICAN STEEL FOuNDRIES 

120501 SPENT. FOUNDRY SAND . 12-5-91 10:00 

LAB f: A1L060047-002 A DATE RECEIVED: 12/06/Sl -.. 
MATRIX: . SOLID TCLP EXTRACTION DATE:. 12/09/91 

BIAS CORRECTED 
- - - - - - - - TCLP TOXICITY CIUUtACTERISTIC SEMIVOLATILE ORGANICS - - - - - - - - - -

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

RESULT REPORTING PREPARATION - REG. 
PARAMETER (mg!l ) LIMIT CF METHOD ANALYSIS DATE LIMIT 

~resols, Total ND 0.121 0.33 SW846 8270 12/10-12/16/91 200.000 
1,4-Dichlorobenzene ND 0.085 0.47 SW846 8270 12/10-12/16/91 7.500 
~.4-Dinitrotoluene ND 0.083 0.48 SW846 8270 12/10-12/16/91 .130 
1exachlorobenzene ND 0.085 0.47 SW846 8270 12/10-12/16/91 .130 
nexachlorobutadiene ND 0.074 0.54 SW846 8270 12/10-12/16/91 .500 
Hexachloroethane ND 0.074 0.54 SW846 8270 12/10-12/16/91 3.000 
a trobenzene ND 0.071 0.56 SW846 8270 12/10-12/16/91 2.000 
'entachlorophenol ND 0.476 0.42 SW846 8270 12/10-12/16/91 100.000 
Pyridine ND 0.061 0.66 SW846 8270 12/10-12/16/91 5.000 
o,4,5-Trichlorophenol ND 0.087 0.46 SW846 8270 12/10-12/16/91 400.000 
~.4,6-Trichlorophenol ND 0.095 0.42 SW846 8270 12/10-12/16/91 2.000 

IOU: !lu Correctiot Bate\.: 
Cl (!i" Comcli01 lut.r} 
10 (lOll omcm) 



~!"""'l:-7' WADSWORTH/ ALERT 
LABORATORIES, INC. 

HI .. ' . 
AMERICAN STEEL FOUNDRIES 

120501 SPENT FOUNDRY SAND 12-5-91 10:00 

LAB t(Au.i:J60047:-002 
MATRIX: SOLID 

DATE RECEIVED: 12/06/91 .. <: ::. 
TCLP EXTRACTION DATE: l2/09/91 

· .. :.. .:. -.- - - - - - - - - - - - - - - RCRA METALS - - - - - - - - - - - .:. - - - - .:. .:. •. _ .· 

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

REPORTING PREPARATION -
PARAMETER RESULT LIMIT UNIT METHOD ANALYSIS DATE 

- - TCLP METALS - -
Silver ND 0.1 mg/1 SW846 6010 12/13-12/18/91 
Arsenic ND 0.5 mg/1 SW846 6010 12/13-12/18/91 
BariWl 0.8, 0.1 ag/1 SW846 6010 12/13-12/18/91 

Cadmium ND 0.1 mg/1 SW846 6010 12/13-12/18/91 
Chromium ND 0.1 mg/1 SW846 6010 12/13-12/18/91 
Lead ND 0.1 mg/1 SW846 6010 12/13-12/18/91 

Selenium ND 0.3 mg/1 SW846 6010 12/13-12/18/91 
Mercury ND 0.02 mg/1 SW846 7471 12/13-12/16/91 

lOt%: 
ISucmn 

iD (IOU Dr!ICr!D) 

QC 
BATCH 

346009 
346009 
346009 

346009 
346009 
346009 

346009 
346009 



AMERICAN STEEL FOUNDRIES 

120501 SPENT FOUNDRY SAND 12-5-91 10:00 

LAB f: AlL060047-002 A . 
MATRIX: SOLID 

.·· .. DATE RECEIVED: . 12/06/91 
TCLP EXTRACTION DATE: 12/09/91 

BIAS CORRECTED . 
. -------------TOXICITY CHARACTERISTIC METALS---------------

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

RESULT REPORTING 
PARAMETER (mgll ) 

Silver ND 
Arsenic ND 
BariWl 0.73 

Cadmium ND 
Chromium ND 
Lead ND 

Selenium ND 
Mercury ND 

Bias Correction Mercury Batch: 322.34 

ron: Biu Correclio1 hlc!: llllll 
Cl (Biu Correclio1 l~tlor) 
II (lOll DnKCTii) 

LIMIT 

0.100 
. 0. 455 

0.091 

0.100 
0.091 
0.091 

0.250 
0.025 

PREPARATION -
. CF METHOD ANALYSIS DATE 

1.0 SW846 6010 12/13-12/18/91 
1.1 SW846 6010 12/13-12/18/91 
1.1 . SW846 6010 12/13-12/18/91 

1.0 SW846 6010 12/13-12/18/91 
1.1 • SW846 6010 12/13-12/18/91 
1.1 SW846 6010 12/13-12/18/91 

1.2• SW846 6010 12/13-12/18/91 
0.8 SW846 7471 12/13-12/16/91 

REG. 
LIMIT 

5.000 
5.000 

100.000 

1.000 
5.000 
5.000 

1.000 
0.200 

' 



•• - J • 

'!:"'"":.""""'l~ WADSWORTH/ ALERT 
LABORATORIES, INC. 

COMPANY: ~~ERICAN STEEL FOUNDRIES 
LAB f: 4374-74787 
MATRIX: SOLID 

S~~PLE ID: 111102 FOUNDRY SLAG 11-11-91 13:15 

VOLATILE ORGANICS 

DATE RECEIVED: 11/13/91 
DATE EXTRACTED: NA 
DATE ANALYZED: 11/27/91 
UNITS: mg/1 

TCLP TOXICITY CHARACTERISTIC LIST 

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/22/91 

BIAS CORRECTED REGULATORY 
RESULT/DET. LIMIT CF RESULT/DET. LIMIT LIMIT 

Benzene 
ND/0.005 1.1 

Carbon tetrachloride 
ND/0.005 1 

Chlorobenzene 
ND/0.005 1.1 

Chloroform 
ND/0.005 1.1 

1,2-Dichloroethane 
ND/0.005 1.2 

1,1-Dichloroethene 
ND/0.005 1.1 

Methylethyl ketone 
ND/0.05 1.4 

Tetrachloroethene 
ND/0.005 0.9 

NOTE: Bias Correction Factor determined on sample 74787 
ND (None Detected) 
CF (Bias Correction Factor) 

ND/0.005 

ND/0.005 

ND/0.005 

ND/0. 005 · 

ND/0.004 

ND/0. 005 . 

ND/0.04 

ND/0. 006· 

** (No Bias Correction performed above Regulatory Limit) 
J (Detected, but below quantitation limit: estimated value) 

0.5 

0.5 

100 

6 

0.5 

0.7 

200 

O.i 



~~'T' WADSWORTH/ALERT 

Ill -

LABORATORIES, INC. 

COMPANY: A.'IERICA:\ STEEL FOli'iDRIES 
LAB 1: 4374-74787 
MATRIX: SOLID 

SAMPLE ID: 111102 FOU~~RY SLAG 11-11-91 13:15 

DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
UNITS: mg/1 

SEMIVOLATILE EXTRACTABLE ORGANICS 
TCLP TOXICITY CHARACTERISTIC LIST 

11/13/91 
11/19/91 
11/23/91 

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/15/91 

RESULT/DET. LIMIT 

Cresol (o, m & p) 
ND/0.04 

1,4-Dichlorobenzene 
ND/0.04 

2,4-Dinitrotoluene 
ND/0.04 

Hexachlorobenzene 
ND/0.04 

Hexachlorobutadiene 
ND/0.04 

Hexachloroethane 
ND/0.04 

Nitrobenzene 
ND/0.0~ 

Pentachlorophenol 
ND/0.20 

CF 

1.2 

0.84 

0.75 

0.70 

0.68 

0.88 

1.06 

0.24 

BIAS CORRECTED 
RESULT/DET. LIMIT 

ND/0.03 

!m/0.05 

ND/0.05 

lm/0.06 

!m/0.06 .· 

ND/0.05 

ND/0.0~ . 

ND/0. 83 .; 

NOTE: Bias 
ND 
CF 

Correction Factor determined on sample 74i87 
{None Detected) 

** 
J 

(Bias Correction Factor) 
(No Bias Correction performed abo,·e Regulatory Limit) 
(Detected, but below quantitation limit: estimated value) 

REGULATORY 
LIMIT 

200 

7.5 

0.13 

0.13 

0.5 

3 

2 

100 



~
~!"'""~" WADSWORTH/ ALERT 

LABORATORIES, INC. 

1 .1 I Ia COMPANY: A~IERICA:-1 STEEL FOUNDRIES 
LAB #:.4374-74787 

DATE RECEIVED: 11/13/91 
NA 

11/27/91 -
DATE EXTRACTED: 

MATRIX: SOLID DATE ANALYZED: 
UNITS: mg/1 

SAMPLE ID: 111102 FOUNDRY SLAG 11-11-91 13:15 

VOLATILE ORGANICS _ .. _ ... 
TCLP TOXICITY CHARACTERISTIC LIST -2 

. ~--: -

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 {55 FR 26986) 

TCLP EXTRACTION DATE: 11/22/91 

BIAS CORRECTED REGULATORY 
RESULT/DET. LIMIT CF RESULT/DET. LIMIT LIMIT 

Trichloroethene 
0.007/0.005 1.2 0.006/0.004. 

Vinyl chloride 
ND/0.01 1 ND/0.01 

NOTE: Bias 
ND 
CF 

Correction Factor determined on sample : 74787 
{None Detected) 
{Bias Correction Factor) 

** J 
{No Bias Correction performed above Regulatory Limit) 
(Detected, but below quantitation limit; estimated value) 

SURROGATE RECOVERY 

1,2-Dichloroethane 
Toluene-dB 
Bromofluorobenzene 

% 
100 
102 

99 

ACCEPTABLE LIMITS 
WATER 

{ 76-114) 
(88-110) 
(86-115) 

0.5 

0.2 



--~....,.WADSWORTH/ALERT 
LABORATORIES, INC. 

COMPANY: A'IERICAX STEEL FOt::\DRIES 
LAB f: 4374-74787 
MATRIX: SOLID 

SAMPLE ID: 111102 FOUNDRY SLAG 11-11-91 13:15 

DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
UNITS: mg/1 

SEMIVOLATILE EXTRACTABLE ORGANICS 
TCLP TOXICITY CHARACTERISTIC LIST -2 

11/13/91 
11/19/91 
11/23/91 

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/15/91 

RESULT/DET. LIXIT CF 
BIAS CORRECTED 
RESULT/DET. LIXIT 

REGULATORY 
LIXIT 

Pyridine 
ND/0.04 1.25 ND/0.03 

2,4,5-Trichlorophenol 
ND/0.04 0.52 ND/0. 08 · 

2,4,6-Trichlorophenol 
0.32 ND/0 .13 

ROTE: Bias 
ND 
CF 

Correction Factor determined on sample 74787 
{None Detected) 
{Bias Correction Factor) 

** 
J 

{No Bias Correction performed above Regulatory Limit) 
{Detected, but below quantitation limit; estimated value) 

SURROGATE RECOVERY 

Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dH 
2-Fl uorophenol 
Phenol-d5 
2,4,6-Tribromophenol 

X 
86 
72 

131 
47 
47 
32 

ACCEPl'ABLE LIMITS 
WATER 

{35-114) 
{43-116) 
(33-1-!1) 
(21-100) 
{10-94) 
(10-123) 

5 

400 

--~- .· 2 



~~~"i-F WADSWORTH/ALERT .Ill LABORATORIES, INC. 

COMPANY : A)IERICA:\ STEEL FO\J~DRIES 

LAB 1: 4374-74787 
DATE RECEIVED: 11/13/91 
UNITS: mg/1 

MATRIX : SOLID 

SAMPLE ID : 111102 FOUNDRY SLAG 11-11-91 13:15 

METALS ANALYTICAL REPORT 
TOXICITY CHARACTERISTIC LIST 

Ana~ysis performed in accordance with USEPA Toxicity Characteristic Leaching 
Pr.ocedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/15/91 

PREPARATION -
ANALYSIS DATE 

BIAS CORRECTED REGULATORY 
RESULT/DET. LIMIT CF RESULT/DET. LII!IT LII!IT 

Silver 
11/19-11/25/91 

Arsenic 
11/19-11/25/91 

Barium 
11/19-11/25/91 

Cadmium 
11/19-11/25/91 

Chromium 
11/19-11/25/91 

Mercury 
11/19-11/20/91 

Lead 
11/19-11/20/91 

Selenium 
11/19-11/20/91 

ND/0.1 

ND/0.5 

0.4/0.1 

ND/0.1 

ND/0.1 

ND/0. 02 · 

ND/0.1 

l'iD/0.3 

1 ND/0.1 

1 ND/0.5 

1.1 0.4/0.1 

1 ND/0.1 .·· 

1.1 ND/0.1 

0.94 ND/0. 02-

1.1 ND/0.1 

1.3 l'iD/0.2 

NOTE: Bias Correction Factor determined on sample : 74787 
)lercury Correction Factor determined on sample : 74787 
~D (None Detected) 
CF (Bias Correction Factor) 
~ (No Bias Correction performed) 

n (;\o Bias Correction performed abo,·e Regulatory Limit) 

5 

5 

100 

1 

5 

0.2 

5 

1 

' 



- .. 

!'!: .• ~, .. ~

1
..,. WADSWORTH/ALERT 

;, ..., LABORATORIES, INC. 

11• COMPANY: A..\IERICA.'I STEEL FOVXDRI ES 
LAB t: 4374-74788 
MATRIX: SOLID 

SAMPLE ID: 111103 FOV~~RY BROKE~ REFRACTORIES 

VOLATILE ORGANICS 

DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYlED: 
UNITS: mg/1 

11-11-91 13:15 

TCLP TOXICITY CHARACTERISTIC LIST 

11/13/91 
NA 

11/30/91 

Analysis perforrned in accordance with USEPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/22/91 

RESULT/DET. LIMIT 

· Benzene 
ND/0.005 

Carbon tetrachloride 
ND/0.005 

Chlorobenzene 
ND/0.005 

Chloroform 
ND/0.005 

1,2-Dichloroethane 
ND/0.005 

1,1-Dichloroethene 
ND/0.005 

Methylethyl ketone 
XD/0.05 

Tetrachloroethene 
:-ID/0.005 

ROTE: Bias Correction Factor determined 
ND (None Detected) 
CF (Bias Correction Factor) 

CF 

0.9 

1 

1 

1 

1 

0.9 

1.2 

0.9 

on sample 

BIAS CORRECTED 
RESULT/DET. LIMIT 

ND/0.006 

ND/0.005 

ND/0.005 

ND/0. 005 

ND/0.005 

ND/0.006 

KD/0.04 

ND/0.006 

74788 

** (No Bias Correction performed abo,·e Regulatory Limit) 
J (Detected, but below quantitation limit: estimated value) 

REGULATORY 
LIXIT 

0.5 

0.5 

100 

6 

0.5 

0.7 

200 

0. I 



~, ~-r WADSWORTH/ALERT 'i ~ I LABORATORIES, INC. 

~A.., 
COMPANY: A.'!ERICAX STEEL FOl:XDRIES DATE RECEIVED: 11/13/91 

NA 
11/30/91 

LAB 1: 4374-74788 DATE EXTRACTED: 
MATRIX: SOLID DATE ANALYZED: 

SAMPLE ID: 111103 FOUXDRY BROKEN REFRACTORIES 
UNITS: mg/1 

11-11-91 13:15 

VOLATILE ORGA!UCS. 
TCLP TOXICITY CHARACTERISTIC LIST -2 

Analysis performed in accordance with USEPA Toxicity Characteristic Leaching Procedure Xethod 1311 {55 FR 26986) 
TCLP EXTRACTION DATE: 11/22/91 

RESULT/DET. LIMIT CF 
BIAS CORRECTED 
RESULT/DET. LIMIT 

REGULATORY 
LIMIT 

Trichloroethene 
ND/0.005 1 ND/0.005 

Vinyl chloride 
ND/0.01 0.6 ND/0.02 -

NOTE: Bias 
ND 
CF 

Correction Factor determined on sample 74788 
{None Detected} 
(Bias Correction Factor) 

** 
J 

{No Bias Correction performed above Regulatory Limit) 
{Detected, but below quantitation limit; estimated value) 

SURROGATE RECOVERY 

1,2-Dichloroethane 
Toluene-dB 
Bromofluorobenzene 

% 
99 
97 

100 

ACCEPTABLE LIMITS 
WATER 

(76-114) 
(88-110} 
(86-115) 

0.5 

0.2 



=,~--v WADSWORTH/ALERT 
LABORATORIES, INC. 

·1
11 

COMPANY: A.'IERICA:\ STEEL FOC:\DRI ES 
LAB #: 4374-74788 
MATRII: SOLID 

SAMPLE ID: 111103 FOU~'DRY BROKE:\ REFR.KTORIES 

DATE ··-''"~· 
DATE 7:':j~~;:u: 
DATE 
UNITS: 

11-11-91 13:1 

SEMIVOLATILE EXTRACTABLE ORGANICS 
TCLP TOXICITY CHARACTERISTIC LIST 

11/13/91 
11/19/91 
11/23/91 

Analysis performed in accordance •·i th US EPA Toxicity Charact Leaching 
Procedure Method 1311 (55 ?R 26985) 

RESULT/DEl'. LIMIT 

Cresol (o, m & p) 
0.01 J/0.04 

1,4-Dichlorobenzene 
ND/0.04 

2,4-Dinitrotoluene 
ND/0.04 

Hexachlorobenzene 
ND/0.04 

Hexachlorobutadiene 
ND/0.04 

Hexachloroethane 
ND/0.04 

Kitrobenzene 
!iD/0.04 

Pentachlorophenol 
ND/0.20 

CF 

0.42 

0.80 

o. 64 

0.63 

0.62 

0.80 

1. 03 

0.66 

TCLP 

BIAS CORREC'.l'RD 
RESULT/DET..,..LIKIT 

:I1:t 
-~-

0.02 J;o:·1 

~"D/0 :os 

ND/0.06 

ND/0.06 

No;o:o6 

~-n;o ;os 

~ ...... ~ 

!\D/0~~~4 
;f: 
~
:~ 

:\D/0:·3 
~}f 

NOTE: Bias 
ND 
CF 
u 

Correction Factor determined on sample · 74788 ~ 
(1ione Detected) . ~: 

J 

(Bias Correction Factor) ~· 
('o Bias Correction performed abo,·e Regulatory Li~t.'f) 
(Detected, but bela• quantitation limit: estimated1'lialue) 

~t. 

11/15/91 

REGULATORY 
LIMIT 

200 

7.5 

. 0.13 

0. 13 

0.5 

3 

100 



WADSWORTH/ALERT 
LABORATORIES, INC. 

COMPANY: .-\.'!ERIC.~:\ STEEL FOEXDRIES 
LAB #: 4374-74788 
MATRIX: SOLID 

SAMPLE ID: 111103 FOU:-'DRY BROKEN REFRACTORIES 

DATE RECEIVED: 
DATE EXTRACTED: 
DATE ANALYZED: 
UNITS: mg/1 

11-11-91 13:15 

SEHIVOLATILE EXTRACTABLE ORGANICS 
TCLP TOXICITY CHARACTERISTIC LIST -2 

11/13/91 
11/19/91 . 
11/23/91 

Analysis performed. in accordance with US EPA Toxicity Characteristic Leaching 
Procedure Method 13.11 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/15/91 

BIAS CORRECTED REGULATORY 
RESULT/DET. LIKIT CF RESULT/DET. LIMIT LIKIT 

Pyridine 
ND/0.04 0.55 ND/0.07 

2,4,5-Trichlorophenol 
ND/0.04 0.78 ND/0.05 

2,4,6-Trichlorophenol 
l'<D/0. 04 0.65 ND/0.06 

NOTE: Bias 
ND 
CF 

Correction Factor determined on sample : 74788 
(None Detected) 
(Bias Correction Factor) 

** 
J 

(No Bias Correction performed above Regulatory Limit) 
(Detected, but below quantitation limit; estimated value} 

SURROGATE RECOVERY 

Nitrobenzene-d5 
2-Fluorobiphenyl 
Terphenyl-dH 
2-Fluorophenol 
Phenol-d5 
2,4,6-Tribromophenol 

X 
78 
63 
91 
61 
52 
44 

ACCEPTABLE LIMITS 
WATER 

(35-114) 
(43-116) 
(33-141) 
(21-100) 
(10-94) 
(10-123) 

5 

400 

2 



~""'!"""!' WADSWORTH/ ALERT 

-
LABORATORIES, INC. 

COMPANY : A.\IERICA~ STEEL FOL":\DRIES 
LAB f: 437~-74788 

DATE RECEIVED: 11/13/91 
UNITS: mg/1 

MATRIX : SOLID 

SAMPLE ID : 111103 FOUNDRY BROKEN REFRACTORIES 11-11-91 13:15 

METALS ANALYTICAL REPORT 
TOXICITY CHARACTERISTIC LIST 

Analysis performed in accordance with US.EPA Toxicity Characteristic Leaching 
Procedure Method 1311 (55 FR 26986) 

TCLP EXTRACTION DATE: 11/15/91 

PREPARATION - BIAS CORRECTED 
ANALYSIS DATE RESULT/DET. LIMIT CF RESULT/DET.LIMIT 

Silver 
11/19-11/25/91 ND/0.1 0.97 ND/0.1 

Arsenic 
11/19-11/25/91 ND/0.5 1 ND/0.5 

Barium 
11/19-11/25/91 0.2/0.1 1 0.2/0.1 

Cadmium 
11/19-11/25/91 ND/0.1 1 ND/0.1 

Chromium 
11/19-11/25/91 ND/0.1 1 ND/0.1 

Mercury 
11/19-11/20/91 ND/0.02 0.94 ND/0.02 

Lead 
11/19-11/25/91 ND/0.1 1 ND/0.1 

Selenium 
11/19-11/25/91 liD/0. 3 1.3 N'D/0.2 

NOTE: Bias Correction Factor determined on sample : 74788 
Nercury Correction Factor determined on sample : 74i87 
ND (None Detected) 
CF (Bias Correction Factor) 
~ ('o Bias Correction performed) 

*~ (Xo Bias Correctio11 performed above Regulatory Limit) 

REGULATORY 
LIMIT 

5 

5 

100 

1 

5 

0.2 

5 

1 



COMPOSITE SLUDGEIEAF OUST AS DISPOSED - EP LEACIIATE DATA 

Date 1114106 1116106 11/lliU6 1 I I I 3 I fl6 I I I I 0/0 fi 11/20/116 

Exhibit VI I- 20 V I I - 2 1 VI I- 2 2 VI I- 2 3 Vll-24 vI I A 2 s 

---- --- ---- ---

Arsenic <.0.005 0.006 0.009 0.007 < 0. 00 5 <0.005 

Bar tum 0. 3 7 D.26 0. 30 0. 54 0. 55 0. 2 5 

Cadmium• ~ 0. 01 ll.OIJ 0. 1 5 o.or. 0. 0 I 0 • 1 ~) 

Chromium• < 0. 02 0.04 0.09 0.0.1 0.04 0.05 

Lead• < 0. 05 0.25 o. II 0.07 I. I I . U 

Mercury < 0. 00 5 ( 0. 00 5 < 0. 00 5 <0.005 < 0.005 L 0.005 

Selenium < 0.005 < 0. 005 <0.005 <.0.005 <0.005 < o.oos 

S I 1 ve r < 0. 01 ( 0. 01 5 < 0. 01 < 0. 0 I < 0. 01 <O. 0 I 

*basis for listing: 

Note 1: not detectable values assumed to be zero 

Note 2: a 1 1 u n I t s are m9!1 

~ver~_£ Sd Sd2 ----

Cadmium 0.075 0.065 0. 00 43 

Chromium 0.042 0.029 0.00086 

Lead 0. 56 0. 7 3 0. 54 



., 

S llver 

Regulatory Threshold (RT): 5.0 

F I I I SIte 
Borings 

E 
0.02 

f 
0.03 

G 
0.01 . 

II 
0.03 

I 
0.01 . 

' 
J 0.03 I 
K 

<0.01 . 

L 
0.01; . 

: I 
Statistics ' ' '' 

Mean(al(~) 
' 

0.018 

Standard Dev I at \on Qx) 0.012 

Variance ~\) 0.00014 

Confidence Interval (CI) 0.018_:0.017 

Check of ~· 1452 5 ~ 
Adequacy of n = x 0.00006<8 

Ho. of Samples RT-~ J 

Exhibit III 

AMERICAN STEEL FOUNDRIES 

LAKE PARK BOULEVARD DISPOSAL SITE 

CHEMICAL ANALYSIS SUMMARY 

Arsenic 0Jrlum Cadmium 

5.0 100.0 1.0 

0.004 0.4 0.05 

0.004 0.9 0.02 

0.001 0.3 i<Jl.Ol 

0.003 1.0 o.os 

0.006 0.1 0.02 

<0.001 0.6 o.os 

0.002 0.2 0.01 

<l). 001 o:O.l 0.03 

0.0025 0.44 0.029 

0.0021 0.37 0.020 

0.0000046 0.134 0.00038 

Meta 1 s (mg/1) 
Chromium 

5.0 

0.62 
0.10 

<0.05 
0.05 

<0.05 
0.08 

<0.05 
<0.05 

0.106 

0. 211 

0.0447 

0.0025+0.0030 0. 44_:0. 52 0.029+ 0.028 o.\06_: o.299 

0.0000018<8 0.003<8 0.0008<8 0.02<8 

- -· -----

{a) Statistics based upon samples E through L; not detect\ble values assumed to be zero. 

Mercury Ledd Selenium 

0.2 5.0 1.0 

< 0. 0002 0.2 dl.002 

< 0.0002 0.3 fll.ooz 

o.ooos 0.1 l:tJ.ooz 
fn. 002 < o. 0002 0.3 

< 0.0002 i<O. 1 :0.002 

<0.0002 0.4 :0.002 

0.0003 0.1 :0.002 

< 0.0002 0.2 f:a.oo2 

0.00010 0.20 D.002 

0.00019 o. 13 --

0.000000037 0.017 --

0.00010+0.0002 0.20_: 0.18 --

0.0000004 8 0.007<8 --
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BORING NO. SB-1 
F-203 (R 01-87) SHEET NO. 1 OF 1 

NAME 
LOCATION 
CONTRACTOR 
DRILLING METHOD 

l 14 12 D 

2 ss 12 12 

3 ss 8 9 

4 ss 8 12 

5 ss 60 10 

6 ss 64 

GENERAL NOTES 

DATE STARTED OCT 26 92 

ASF 
Alliance Ohio 

R & R International 

4.25" ID HSA 

PROJECT NO. 2169.07 
INSTALLATION 10/26/92 
SURFACE ELEV. 
BOREHOLE DIA. 7 IN. 

VISUAL CLASSIFICATION 
AND GENERAL OBSERVATIONS 

some core 
very dark gray 10YR 3/1, medium dense (Foundry 
Sand/Waste). 

Same as above. 

Same as above, wet in tip. 

Same as above, whole spoon wet. 

WATER LEVEL OBSERVATIONS 

WHILE DRILLING 'g ____ ------"1"'0_,_,.0'-------
DATE COMPLETED OCT 26 92 AT COMPLETION ! __________ _ 
RIG ______ C"'l\"-'1'-"E"'--7'-"5'------- AFTER DRILLING 
CREW CHIEF Jim CAVE-IN: DATE/TIME -----DEPTH------

LOGGED R. Welch CHECKED WATER: DATE/TIME DEPTH 



BORING NO. SB-2 
F-203 (R 01-87) SHEET NO. 1 OF 2 

l 

2 

3 

4 

5 

6 

7 

8 

9 

ss 
ss 

ss 

ss 

ss 

ss 

ss 

ss 

PROJECT NAME 
LOCATION 
CONTRACTOR 
DRILLING METHOD 

40 

20 

5 

12 

7 

15 

54 

14 

5 

12 D 

0 

14 

12 

12 

16 

24 

20 

w 

10 ss 50/4" 

GENERAL NOTES 

DATE STARTED OCT 26 92 

ASF PROJECT NO. 2169.07 
Alliance Ohio INSTALLATION 10/26/92 

R & R International SURFACE ELEV. 
HSA 3 114" BOREHOLE DIA. 7 IN. 

VISUAL CLASSIFICATION 
AND GENERAL OBSERVATIONS 

core 
gray lOYR 3/1, dense (Foundry Waste). 

Same as above. 

Same as above, wet. 

Same as above. 

Same as above, some clay. 

CLAY (CL), material shiny, stiff, black, slightly plastic, 
lOYR 2/1, medium dense, sludge. 

WATER LEVEL OBSERVATIONS 

WHILE DRILLING ¥ -----'1"'0"'.0'---------
DATE COMPLETED OCT 26 92 AT COMPLETION ! __________ _ 
RIG _____ _.C"'l\"'-'1E=-'-7~5 ____ _ AFTER DRILLING 
CREW CHIEF Jim CAVE-lN: DATE/TIME -----DEPTH ------

LOGGED R. Welch CHECKED WATER: DATE/TIME DEPTH 



II SS 

BORING NO. SB-2 
F-203 (R 01-87) SHEET NO. 2 OF 2 

PRIOJE,CT NAME ASF PROJECT NO. 2169.07 
LOCATION Alliance Ohio INSTALLATION 10/26/92 
CONTRACTOR R & R International SURFACE ELEV. 

DRILLING METHOD HSA 3 114" BOREHOLE DIA. 7 IN. 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

::>HAL.!:.. gray 5Y 5/1, soft, platey 
End of Boring at 43.5 Ft. 



BORING NO. SB-3 
F-203 (R 01-87) SHEET NO. 1 OF 1 

NAME 
LOCATION 
CONTRACTOR 
DRILLING METHOD 

1 10 10 

2 ss 19 12 

3 ss 4 10 

4 ss 18 8 

5 ss 9 10 

6 ss 11 10 

7 ss 10 

8 ss 13 

GENERAL NOTES 

OCT 27 92 

ASF PROJECT NO. 2169.07 
Alliance Ohio INSTALLATION 10/27/92 

R & R International SURFACE ELEV. 
HSA 3114" BOREHOLE DIA. 71N. 

VISUAL CLASSIFICATION 
AND GENERAL OBSERVATIONS 

core 
10YR 211, medium dense (Foundry Waste). 

Same as above. 

Same as above, wet. 

Same as above. 

Same as above. 

CLAY (CL), stiff gray 10YR 5/1, slightly plastic, some 
rock fragments (Weathered Bedrock). 

Same as above. 

35 --f..L.4\~~r:'~ ~s _a~ov~·-bro_~n_1_?::V~ }~3~ _______________ f 
End of Boring at 35 Ft. 

WATER LEVEL OBSERVATIONS 

WHILE DRILLING '¥ --------"10,_,.,_0 ____ _ DATE STARTED 

DATE COMPLETED OCT 27 92 AT COMPLETION ! __________ _ 
RIG ______ C~l\"'1'-"E'--7'""5'-------- AFTER DRILLING 

CREW CHIEF Jim CAVE-IN: DATEJTIME -----DEPTH------

LOGGED R. Welch CHECKED WATER: DATPJTIME DEPTH 



J \~ ~·J'"' ,-.; 

GRAIN SIZE DISTRIBUTION TEST REPORT 
;; c 

·N . - ;; 
;; c c' c 

0 
0 0 

~ - - ... ""' s 0 0 ~ 0 

C\1.!.. r ~ '' ~ "' ... "' "' iOO "' "' 
_.., .. .. • " .. .. .. 

' I 
: 

: ~· 90 

\ 
: : 

: : 

80 : 

70 : 

a: I ~~ II 
: 

w : 

;'; 60 : : : 

u.. : : ~ ~11 : : : 

~50 : : : : 

w : : 

m u 
a: 
w 40 
0.. : 

II ' : 
~ 30 

: 

II \ 
20 II.. 

: Ill \. 10 : 

: : 

II 0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

Test %+75mm % GRAVEL X SAND % SILT % CLAY 

• 15 0.0 34.0 57.8 5.9 2.3 

LL PI Oss 
• 11.74 3.05 1. 13 0.254 0. 1495 0. 1046 0.20 29.2 

MATERIAL DESCRIPTION 

• 

Project No.: 2169.07 

Project: ASF-ALLIANCE 

• Location: SB-1. 3-5' 

Date: 11-16-92 

GRAIN SIZE DISTRIBUTION TEST FEPORT 

RMT. INC. 

uses AASHTO 

Remarks: 

Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
.S 
N 

c c ;; 
~ 

c ;; c ' c 0 0 - - ~ "' <D ~ 0 0 0 ~ 0 

;. -l:l ' ' ~ N ~ "' "' 100 "' "' N - "' .. .. .. .. .. .. .. 
: ['\. : 

90 : 
: 

: : 
80 

: 

·~ 
: : 
: : 

70 ~ 
a: : i'-.... w 
z 60 : 

: 
H 

r\1 lL. 
: : 

: 
1- : : ·~ z 50 
w : 
u 

\ a: : : 
w 40 
a_ \ : : : 

30 
: : 

: : ~ 20 
: : \ : 

10 
: 

: ' 
0 

: 

200 100 10.0 1.0 0.1 0.01 0.001 
GRAIN SIZE - mm 

Test %+75mm % GRAVEL " SAND w SILT % CLAY M 

• 16 0.0 19.4 75.4 3. 1 2. 1 

LL PI De5 D5o D5o D3o D15 Dw Cc Cu 

• 6.68 0.52 0.33 0.210 0. 1521 0. 1294 0.65 4.1 

MATERIAL DESCRIPTION uses AASHTD 

• 

Project No.: 2169.07 Remarks: 

Project: ASF-ALLIANCE 

• Location: SB-2, 13-15. 

Date: 11-15-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

RMT. INC. Figure No. 



GRAIN SIZE DISTRIBUTION TEST REPORT 
.s 

c c c 
ru --c " c ' c 

0 0 0 
0 0 - ~ " "' 0 ~ 0 

' ' ::::' v ru ~ <D "' 100 "' "' "' - -"' ~ .. .. .. .. .. .. 
90 : I rir--, 

"""' ' 80 : 

: 

I 
: 

: 

70 
a: 
w : 
z 

60 H 

~ lL : : 
: 

1-
50 z 

w : 

~ u : 
a: : 
w 40 
0.. : : 

I 1\ : : 
: 

30 

\ : : : 

20 : 

: : 
: : 

10 : 

~ I 
: 

: : 

""" 
: : 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

h"est %+75mm % GRAVEL % SAND % SILT ~ CLAY ~ 

• 17 0.0 0.3 19.8 72.8 7. 1 

LL PI Ds5 D5o D5o D3o D15 D!Q Cc Cu 

• 0.09 0.04 0.017 0.0087 0.0061 1.03 7.7 

MATERIAL DESCRIPTION uses AASHTO 

• 

Project No.: 2169.07 Remarks: 

Project: ASF-ALLIANCE 

• Location: SB-2 . 38-.<10' 

Date: 11-16-92 

GRAIN SIZE DISTRIBUTIDrl TEST REPORT 

RMT. INC. Figure No. 



-:-/ 

GRAIN SIZE DISTRIBUTION TEST REPORT 
;; 

·N 
c ;; ; 

c .;; ;; ::; c 0 0 - -~ "' ., 0 0 0 0 .... 0 

' -i:l ........ .... "' .... '" "' 100 "' "' "' - -"' ~ ~ .. " .. .. .. 
90 

: I' ' I 80 
: : 

""" 
: : 

70 : 

(I ' lU 

;s 60 i\ : 

lL 
: , 

: : : 

!z 50 
lU : .\ u : 
(I 
w 40 
0.. I : 

: 
30 

: 

20 

10 
: "' 

0 
200 100 10.0 1.0 0.1 0.01 0.001 

GRAIN SIZE - mm 

Test %+75mml % GRAVEL % SAND % SILT % CLAY 

• 18 0.0 I 8.5 85.4 1.6 4.5 

I 

LL PI De5 Deo Dso D3o D15 D!O Cc Cu 

• 2.82 0.34 0.27 0.194 0.1437 0. 1209 0.92 2.8 

MATERIAL DESCRIPTION uses AASHTO 

• 

Project No.: 2169.07 Remarks: 

Project: ASF-ALLIANCE 

• Location: SB-3, 18-20. 

Date: 11-16-92 

GRAIN SIZE DISTRIBUTION TEST REPORT 

RMT. INC. Figure No. 
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INC 

LA BORA TORIES 

CLIENT: ASF 
SAMPLE tt: 11115 
PHOt.IECT it: 021G9. 07 

r-~EFOHT D,~TF: 1.1/10/02 
COLLECT.lON DATE: 1Cl/2G/92 

u:OHl{ OHDEH tt: 921G30--021G007 

TOX1 CI 'i"r' CH/-;HACTEHl ST:l C LEACHlNC PHOCEDUHE 

PAHAME'l'EH 

Cadmium 
L2ad 

METALS 

601.0 
6CIO 

PQL 

0.010 
r' 00 
"'. J'...-•.1 

mg/L 

SPIKE 
HECO\./EH'y· 

0~% 
(\ l-:_01 
.I d /o 

Eric l .. ·rhoj~~s! 1norganic Supe~uisor 

Methods from USEPA SVJ846~ 3rd Edition. 
PQL : practical quant:itat.ion l_imit 

THHESHOLD 
LIMIT HESULT 

l. 0 
5.0 

<0.010 
<0. ~(J 

AUJUS"l"ED 
HESULT 

<CLOll 
<0.21. 

MSA : Method of Standard Addition, acceptable correlation coefficient 
valLie (r) greater than 0.995. 



INC 

LABORATORIES 

CLIENT: ASF 
SAMPLE f/: 11115 
PHOJEC'l' #: 02169.07 
U,'OHK OHIJEH tt: 921030-0216907 

HEPOHT DATE.: 11/10/92 
COLLECTIO~·~ Di''\TE; 10/26/92 
ST.4TIOJ\ lD: St_1,-1 
SAMPLE COLLECTOH: HLu; 

TOX1 C1 TY CHAHACTEHI ST.l C LE.ACHll'~G PHOCEDUHE 

EXTHACTION 
? ;~Hl~r .. 1ETEH 

~ ,..., -.: ~ 

i..:'>.L .i. 

Samp1_e weight= total 
pH~ aftt:;r ~J minutes 
pH= aft&r t1eating 
Extraction solution 
Final pH 

Leaching -1 ~- ..... ~
l .. lCl L <::-; 

EESl~LT 

100.0 
10.1 
' ,-

-±.U 

}1/02/92 

Tv1E'1'HOD 1311= AS PUBLI.SHED lN FED. REGISTEH; ,JUl'\E 29!1990; 
40 CFH F/\HTS 261! 264= 26f'= 268= 271= A;,JD 302. 

Ul'\1TS 

su 

S~J 



INC 

LABORATORIES 

CLIENT: ASF 
SAMPLE it: 11116 
PROc.IECT ff: 0216:1.07 
U:OHl-: OHIJEH If: <J21030-0216<J07 

HEPOHT Di\TE: ll/1G/~J2 
COLl.Ec:1·1oN DA1'E: J_0/26/02 
.S'i'ATJ.ON lU: SB-2 
SA1\1PLE COLLECTOR: HL\1' 

TOX:ICITY CHP,f-U\CTEHTS'i'IC LEACHI:'-Jc; PHOCEDCHE 

P AHAME~l'.ER 

Cadmium 
Lead 

METALS 

6010 O.OlC 
6010 0.20 

m.g/L 

[--:~PIKE 

HECO\/EH\' 

97'X. 
n <JO! :J £,.. /U 

Er .i c L. Thomas~ lnorgan.i c Superu _i sor 

Me.thods from USEPA SU/846 ~ ~jrd Edition. 
PQL. : practical qtJantitation limit 

'i'HHESHOLU 

1.0 
5.0 

EESULT 

<0.010 
<0.20 

AD,lUS'l'ElJ 
HESUL::· 

<0.010 

l·.:1SA : Me.thod of Standard Addi t.ion~ acceptable. corl~E:lation coe.ff.icie.nt 
\.talue ( r) greater than 0. 095. 
AD~JUSTED HESULT : adju£.ted for )'~ reco\7t:ry (method 13.Ll.) 

I_ 



INC 

LABORATORIES 

CLIE:'\T: ASF 
SAMPLE tt: 11116 
PHOJEC'J' ff: 02169.07 
WORK OHI.JEH //: 021.030-02] 6907 

HEPOHT DATE: 11/10/92 
COLLECTION DATE: .1.0/26/92 
STATION ll.J: .SH-2 
SAMPLE COLLECTOF~: HL\1' 

TOXlC:lTY CHAHACTEHJSTJC l .. Ei;CHING PHOCEDUHE 

EXTRACTION 131_1 
P ARAT\JETEH 

Sample \L'eight! total 
pH! after 5 minutes 
pH! after heating 
Extraction solution 
F.inal pH 
Extrac.tion pH 
Leaching date 

HESULT 

i.OO.O 
10.7 
~.6 

6.7 
5.0 
"1 .. /1';0 fCl0 
.1 _._ J ,_,L.J j L. 

Eric L. Thomas: 
rl~ 11./11/1"L-
Inorgan.i c Super\?.1 :;or 

:vlE'ri--iOD 1 <i f f 
i,) _ _l__l_~ 

40 C:FH PAHTS 
AS PUBLISHED lN FED. HEGISTER; tJUNE 29! 1 SSO; 

265~ 268! AND 302. 

UNITS 

gm 
:::.u 
su 

su 



INC 

LABORATORIES 

CLIENT: /-tSF 
SAMPLE 11: 11117 
PHOt.lECT it: 02169.07 

HEPOHT Dl\TE: 11/10/92 
COLLECT ION DATE: 10/26/~"}2 

U/OHK OHDEH tt: 921030~021.6007 

SA!viPL.E COLLECTOH: HL\1' 

~:-OXlCil"Y CH.>-\HAC 'EH1Sl'IC LE:~C:H:l J'.~G PHOcr:UUHE 

P AH AI'•1E '1. EH 

Cadmium 
Lead 

M'l'D 

6010 
6010 

'•r -..• .1 '"-!L 

0 0.10 
0 <~r, 

~u 

mg/L 

SPlKE 
HE COVER\' 
======== 

~1 (; ~{. 
93% 

Eric L. "t·homas~ Inorganic Supervisor 

/.-1E:thods from USEPA S\U846 ~ 3rd Edition. 
PQL : practical qLlantitation limit 

'l'i:-lHESHOLD 
L1M.l 

.,. RESULT i 

===== ====== 

l (\ <0 
,., 

10 ,_. v 

:J 0 <0 20 

ADdUS'l'ElJ 
HESULT 
====== 

<0 0.10 
<0 22 

MSA : Method of Standard Addition~ acceptable correlation coefficient 
value (r) greater than 0.995. 
AD~JUSTED RESULT : adjusted for % recovery (method 131J.) 



INC 

LABORATORIES 

CLl Er''i"f: ASF 
SAl\,1PLE ff: :11117 
PHOJEC"J' ff: 02169.07 

HEFOHT DATE: 11/10/92 
COLLEC'J'lOi'J DATE: .10/2C/02 

W'OHK OH.DEH ff: 921030~0216907 STA'i'IO~\ lLJ: SB-3 
Sfu'\1PLE CCJLLECTOH: HL\J.} 

TOXlCITV CHAHACTEHlSTlC LEPtCHlNG PHOCEUCHE 

EXl.HACTION 
PARAMETEH 
========= 

' '1 ... _, 
_J_ ~-· J. _J_ 

Sample weight~ total 
pH, after 5 minutes 
pH~ after heating 
Extraction solution 
Final pH 
Extraction pH 
Leaching date 

HESULT 

100.0 
1 1 n 
j _ _J_ • .__") 

4-.C 
l 
~ ~ 

i • J. 

5.0 
11/02/02 

Eric L. Thomh:; ~ 
o;~ II l \I I 'i ')_. 
lnorganic Supervisor 

ME'J'HOD AS PUBLISHED r)o 1 non. 
£.-_l~,j __ ,./U: 

40 CFH ".- -· .c..\.) _i ~ 
r. {:. '1 .. .:..u'-:1: ::- 268::-

;; ...., _, 
.c.. f .1. ! 

UNITS 

sm 

su 

su 
Stl 
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PARTICIPANTS 

):--pr Ro6tiJ!. S 

Lm,;e-e 11~/lMH 

FIRM 

5'TAT€ oF Ol-<10 

C'-'"'"<1'0C...O~ST 

R!tT 

PREPARED BY: L4AJce 1'1"4Mr~-< 

TELEPHONE NUMBER 

~ 2'1Z.. 0/lfi 

L_j_-__ 

L_j_-__ 

L_j __ . __ 

L_j_-__ 

COMMUNICATION 
RECORD 

PROJECT NO. U(r;.9. os 
PROJECT NAME ASF- 4-1/t ... -v.ii 

,199~ 

T!ME: __ ,_~ TO:-~~-~ 

OMEETING@ ______ _ 

~HONE CONVERSATION 

DISCUSSION/DECISION (SUMMARY): fie~ .V!>T" HIW'E' ':]:'/JF'o e»-1 ,4//J~ce- . .8/.tr G.c.vG 
J 

/lflli -rttli .DATA Ft:>/2.. ~Fttn.D CJHI<> 

f M 
~ li.RVIM~ ("F) ~ . .,. 27. 'f ~.o 

..-> Heuti4L'( f-, (in.) -z.'Z.lf /. '42. 'j,/7. 

FOLLOW-UP ACTION/ASSIGNMENTS: 

:S::.,._, PuT FC>""R. TrlE: ffel-P 

A M 

'i'l·" 58'.3 
3-Z'f l-7~ 

J :r A 0 

G-7. () 7t>. 'f ~,, b$.3 !>2.&> l(b."' 3o.-z. 

~-·'- 'f, Z&. 1·20 1,D(, 2-S'S' z.-ss z.z.7 

The above represents my understanding of the matters discussed and actions agreed upon. Any corrections or 

Jmissions should be reported promptly to me. 

Signed: ~ 7. 7'f './h.::i£ 

F-59 
24.90:ADM:communic.frm November 1990 



fiiiJiltl.~ COMPUTAT:ON SHEET 

~~==~~~~~~---------------------------------SHEET--------~-------OF __ ~~~---
744 Heartland TraH P.O. Box 8923 .Madison, WI 53708·8923 (608) 831-4444 FAX: (608) 831·3334 

PROJECT PROPOSAL N . 

21A.05 LATERAL 
LANCE McGRATH DRAINAGE 

LATERAL 
DAAINAOE LAYER 

PERMEABIUTY 9.05 11.27 7.91 4.n 3.58 7.32 
5X10-3 

6.84 7.98 5.84 3.84 2.84 5.43 

1X1D-2 7.29 9.33 6.17 3.44 2.57 5.76 
CM/SEC 

5.37 6.09 4.42 2.48 1.99 4.07 

NOTE: Average dally head valuoe from H.lp Modol Analyolo for ooch drainage length. 



COMPUTATION SHEET fli12Jll/NC 
~~==~~~~~--------------------------------SHEET--------~~~----OF--~~---
744 Heartland Trail P.O. Box 8923 Madison, WI 53708·8923 (608) 831·4444 FAX: (608) 831-3334 

. ~: : rkl.F 'Mb~ :I;J? u-r., 

/.A 'Ifill- 7Y?I: .. 
1- vP - ---~ -·---~ --

PROJECT PROPOSAL N . 

'2.1 /b9. 05 

i 
' 



*************************************************F********************* 
*********************************************************************** 

ASF-ALLIANCE 2169.05 
SCEN. 2 lXi0-2, 150FT DRNG. 
1-15-92 

*********************************************************************** 
*********************************************************************** 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

6.00 INCHES 
0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 
0.000570000033 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

24.00 INCHES 
0.4730 VOL/VOL 
0.2217 VOL/VOL 
0.1043 VOL/VOL 
0.2217 VOL/VOL 
0.000520000001 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

12.00 INCHES 
0.4170 VOL/VOL 
0.0454 VOL/VOL 



WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

LAYER 4 

0.0200 VOL/VOL 
0.0454 VOL/VOL 
0.009999999776 CM/SEC 
3.00 PERCENT 

150.0 FEET 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS 24.00 INCHES 
POROSITY 0.4300 VOL/VOL 

.FIELD CAPACITY 0.3663 VOL/VOL 
WILTING POINT 0.2802 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION 0.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

81.48 
43560. SQ FT 

20.00 INCHES 
9.6280 INCHES 
5.9258 INCHES 
0.0000 INCHES 

17.8878 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CLEVELAND OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

- 2.00 
- 129 
- 285 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 



JAN/JUL 

25.30 
70.40 

FEB/AUG 

27.40 
69.30 

MAR/SEP 

37.00 
63.30 

APR/OCT 

48.60 
52.00 

MAY/NOV 

58.30 
40.90 

JUN/DEC 

67.00 
30.20 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.00 1.80 3.32 3.92 4.52 3.35 
3.30 4.16 1.45 4.91 3.05 3.38 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.006 0.000 0.000 0.000 0.000 0.006 

EVAPOTRANSPIRATION 0.813 0.870 1.398 3.612 4.754 4.274 
(INCHES) 3.720 3.573 1.685 2.145 0.978 0.409 

LATERAL DRAINAGE FROM 1.4718 1. 3292 1. 4633 1. 5892 1.3382 0. 9275 
LAYER 3 (INCHES) 0.6849 0.4885 0.3401 0.2515 0.2195 0.7806 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

8.79 
3.99 

0.53 
0.45 

8.73 
2.66 

0.47 
0. 33 

8.71 
1.71 

1.25 
0.23 

9.66 
1.03 

0.24 
0.17 

7.99 
0.82 

0.72 
0.32 

5.74 
4.65 

0.58 
1. 68 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1 

(INCHES) (CU. FT.) PERCENT 



PRECIPITATION 39.16 142151. 100.00 

RUNOFF 0.013 46. 0.03 

EVAPOTRANSPIRATION 28.232 102481. 72.09 

LATERAL DRAINAGE FROM LAYER 3 10.8844 39510. 27.79 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.031 113. 0.08 

SOIL WATER AT START OF YEAR 22.63 82157. 

SOIL WATER AT END OF YEAR 22.66 82270. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 2 

--------~--------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 3.10 2.57 3.90 1.03 5.63 3.75 
8.60 4.01 3.92 1. 54 1. 91 2.15 

RUNOFF (INCHES) 0.001 0.000 0.000 0.000 0.000 0.000 
0.238 0.090 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.651 0.587 2.718 1.558 4.750 4.222 
(INCHES) 6.441 6.041 2.764 2.055 0.942 0.636 

LATERAL DRAINAGE FROM 1.4924 1. 6419 2.0706 1.9034 1.3826 1.1251 
LAYER 3 (INCHES) 0.8606 0.6104 0.4232 0.3141 0.2184 0.1494 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

8.91 
5.13 

0. 74 
0.55 

10.59 
3.49 

0.35 
0.41 

12.96 
2.30 

2.13 
0.29 

11.74 
1.45 

1.77 
0.21 

8.24 
0.85 

0. 72 
0.14 

6.98 
0.42 

0.48 
0.09 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR. YEAR 2 

(INCHES) (CU. FT.) PERCENT 
-------- ---------

PRECIPITATION 42.11 152859. 100.00 

RUNOFF 0.330 1196. 0.78 

EVAPOTRANSPIRATION 33.363 121109. 79.23 

LATERAL DRAINAGE FROM LAYER 3 12.1921 44257. 28.95 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.775 -13703. -8.96 

SOIL WATER AT START OF YEAR 22.66 82270. 

SOIL WATER AT END OF YEAR 18.89 68567. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 3 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
---w••• ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.18 1.60 5. 72 6.16 2.94 2.05 
8.58 3.39 1. 91 2.72 1. 76 2.94 

RUNOFF (INCHES) 0.000 0.000 0.201 0.039 0.000 0.000 
0.162 0.014 0.000 0.002 0.000 0.000 

EVAPOTRANSPIRATION 0.556 0.851 2.013 3.920 4.389 2.218 
(INCHES) 6. 736 5.991 1.709 1.649 0.733 0.570 

LATERAL DRAINAGE FROM 0.3010 0.5133 0.9297 1.6212 1.7999 1. 2765 
LAYER 3 (INCHES) 0.9131 0.6361 0.4376 0.3234 0.2221 0.1912 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

-----------------------------------------------------------------------

AVG. DAILY HEAD ON 1.48 3.24 5.59 9.85 10.49 7.87 
LAYER 4 (INCHES) 5.46 3.66 2.41 1.51 0.88 0.58 

STD. DEV. OF DAILY HEAD 1.00 0.31 1.89 0.28 0.58 0. 80 
ON LAYER 4 (INCHES) 0.62 0.44 0.30 0.22 0.15 0.15 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 3 
---------------------------------------------~--------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 41.95 152278. 100.00 

RUNOFF 0.417 1515. 1.00 

EVAPOTRANSPIRATION 31. 333 113738. 74.69 

LATERAL DRAINAGE FROM LAYER 3 9.1653 33270. 21.85 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 1.035 3756. 2.47 

SOIL WATER AT START OF YEAR 18.89 68567. 



SOIL WATER AT END OF YEAR 19.92. 72322. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 4 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 1. 29 1. 93 2.96 4.84 2.20 0.94 
4. 37 4. 54 3.78 2.40 1.44 1.08 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.038 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.584 1.250 2.531 4.317 3.303 1. 565 
(INCHES) 3.410 5.498 2.867 2.062 1.181 0.655 

LATERAL DRAINAGE FROM 0.5541 0.6772 0.8675 0.8843 0. 7045 0.5108 
LAYER 3 (INCHES) 0.3901 0.2834 0.2034 0.1265 0.0648 0.0412 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

3.15 
1. 97 

1.18 
0.25 

4.25 
1. 24 

0.17 
0.18 

5.20 
0. 72 

0.97 
0.13 

5.47 
0.36 

0.37 
0.07 

4.12 
0.19 

0.39 
0.03 

2.93 
0.12 

0.31 
0.01 

*********************************************************************** 



*********************************************************************** 

ANNUAL TOTALS FOR YEAR 4 
----------~-----------~------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 31.77 115325. 100.00 

RUNOFF 0.038 138. 0.12 

EVAPOTRANSPIRATION 29.222 106077. 91.98 

LATERAL DRAINAGE FROM LAYER 3 5.3078 19267. 16.71 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STO~GE -2.798 -10157. -8.81 

SOIL WATER AT START OF YEAR 19.92 72322. 

SOIL WATER AT END OF YEAR 17.13 62165. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 5 
-----------------------------------------------------------------------

JANjJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.75 1.37 3.91 2.75 7.03 3.22 
3.26 3.21 4.58 1.83 2.37 1. 24 

RUNOFF (INCHES) 0.005 0.000 0.000 0.000 0.052 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.367 1.009 2.509 3.837 4. 780 5.874 
(INCHES) 2.972 3.205 3.936 2.031 0.847 0.765 

LATERAL DRAINAGE FROM 0.0293 0.2302 0.4815 0.7615 0. 7105 0.6350 
LAYER 3 (INCHES) 0.5174 0.3843 0. 2729 0.2099 0.1228 0.0679 



PERCOLATION FROM 
LAYER 4 (INCHES) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

0.08 
2.86 

0.01 
0. 30 

1.20 
1. 93 

0.75 
0.24 

2.64 
1.23 

0.58 
0.17 

4.68 
0. 72 

0.14 
0.13 

4.17 
0.36 

0.14 
0.07 

3.80 
0.19 

0.23 
0.03 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 5 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 37.52 136198. 100.00 

RUNOFF 0.058 209. 0.15 

EVAPOTRANSPIRATION 32.130 116631. 85.63 

LATERAL DRAINAGE FROM LAYER 3 4.4232 16056. 11.79 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.909 3301. 2.42 

SOIL WATER AT START OF YEAR 17.13 62165. 

SOIL WATER AT END OF YEAR 18.03 65467. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 



*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

2.26 
5.62 

0. 70 
2.75 

1.85 
3.86 

0.45 
0.55 

3.96 
3.13 

1.06 
1.37 

3.74 
2.68 

1. 96 
1.33 

4.46 
2.11 

1. 96 
0.63 

2.66 
2.16 

1.15 
1.01 

0.001 0.000 0.040 0.008 0.011 0.000 
0.089 0.021 0.000 0.000 0.000 0.001 

0.002 0.000 0.090 0.017 0.023 0.000 
0.106 0.039 0.000 0.001 0.000 0.003 

0.594 0.913 2.234 3.449 4.395 3.631 
4.656 4.861 2.592 1.989 0.936 0.607 

0.161 0.242 0.535 1.087 0.632 1.736 
1.787 1.367 0.937 0.195 0.167 0.131 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.7697 0.8784 1.1625 1.3519 1.1871 0.8950 
0.6732 0.4806 0.3355 0.2451 0.1695 0.2461 

0.6763 0.5874 0.6165 0.5001 0.4735 0.3220 
0.2220 0.1494 0.0994 0.0810 0.0721 0.3049 

PERCOLATION FROM LAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 

*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 



-----------~~--------~-------------------------------------------------
(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 38.50 ( 4.232) 

0.171 ( 0.188) 

139762. 100.00 

RUNOFF 

EVAPOTRANSPIRATION 

lATERAL DRAINAGE FROM 
lAYER 3 

PERCOlATION FROM lAYER 4 

CHANGE IN WATER STORAGE 

30.856 ( 2.103) 

8.3946 ( 3.4101) 

0.0000 ( 0.0000) 

-0.920 ( 2.222y 

621. 0.44 

112007. 80.14 

30472. 21.80 

0. 0.00 

-3338. -2.39 

*********************************************************************** 

*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 

PRECIPITATION 2.18 7913.4 

RUNOFF 0.165 597.2 

lATERAL DRAINAGE FROM lAYER 3 0.0733 266.2 

PERCOlATION FROM LAYER 4 0.0000 0.0 

HEAD ON LAYER 4 15.8 

SNOW WATER 1:66 6017.0 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3690 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1132 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 



lAYER (INCHES) ·(VOL/VOL) 
---~---- ---------

1 1. 69 0.2811 

2 5.43 0.2262 

3 0.60 0.0499 

4 10.32 0.4300 

SNOW WATER 0.00 

*********************************************************************** 
*********************************************************************** 



*********************************************************************** 
*********************************************************************** 

ASF-ALLIANCE ~169.05 

SCEN. 2 Ul0-2, 4llllllllFr DRNG. 
1-15-92 "l,.t!JO 

*********************************************************************** 
*********************************************************************** 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

6.00 INCHES 
0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 
0.000570000033 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

24.00 INCHES· 
0.4730 VOL/VOL 
0.2217 VOL/VOL 
0.1043 VOL/VOL 
0.2217 VOL/VOL 
0.000520000001 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

12.00 INCHES 
0.4170 VOL/VOL 
0.0454 VOL/VOL 



WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

LAYER 4 

0.0200 VOL/VOL 
0.0454 VOL/VOL 
0.009999999776 CM/SEC 
3.00 PERCENT 

200.0 FEET 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS 24.00 INCHES 
POROSITY 0.4300 VOL/VOL 
FIELD CAPACITY 0.3663 VOL/VOL 
WILTING POINT 0.2802 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION 0.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

81.48 
43560. SQ FT 

20.00 INCHES 
9.6280 INCHES 
5.9258 INCHES 
0.0000 INCHES 

17.8878 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CLEVELAND OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

- 2.00 
- 129 
- 285 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 



JAN/JUL 

25.30 
70.40 

FEB/AUG 

27.40 
69.30 

MAR/SEP 

37.00 
63.30 

APR/OCT 

48.60 
52.00 

MAY/NOV 

58.30 
40.90 

JUN/DEC 

67.00 
30.20 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1 
---~-------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- -------

PRECIPITATION (INCHES) 2.00 1. 80 3.32 3.92 
3.30 4.16 1.45 4.91 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 
0.006 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.813 0.870 1.398 3.612 
(INCHES) 3. 720 3.573 1.685 2.145 

LATERAL DRAINAGE FROM 1. 2384 1.1837 1.3492 1.4729 
LAYER 3 (INCHES) 0.7886 0.6040 0.4514 0.3612 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER ·4 (INCHES) 

9.97 
6.23 

0. 71 
0.54 

10.45 
4.59 

0.36 
0.42 

11.60 
3.34 

2.53 
0.32 

12.66 
2.36 

1.22 
0.26 

-------

4.52 
3.05 

0.000 
0.000 

4.754 
0.978 

1. 3235 
0.2983 

0.0000 
0.0000 

10.54 
1.89 

0. 70 
0.28 

-------

3.35 
3.38 

0.000 
0.006 

4.274 
0.409 

0.9931 
0.7180 

0.0000 
0.0000 

8.21 
5.67 

0.63 
1. 73 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1 

(INCHES) (CU. FT.) PERCENT 



PRECIPITATION 39.16 142151. 100.00 

RUNOFF 0.013 46. 0.03 

EVAPOTRANSPIRATION 28.232 102481. 72.09 

LATERAL DRAINAGE FROM LAYER 3 10.7822 39140. 27.53 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.133 484. 0.34 

SOIL WATER AT START OF YEAR 22.96 83328. 

SOIL WATER AT END OF YEAR 23.09 83812. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 2 

PRECIPITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 3 (INCHES) 

PERCOLATION FROM 
LAYER 4 (INCHES) 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

3.10 2.57 3.90 1.03 5.63 3.75 
8.60 4.01 3.92 1.54 1.91 2.15 

0.001 0.000 0.000 0.000 0.000 0.000 
0.238 0.090 0.000 0.000 0.000 0.000 

0.651 0.587 2.718 1.558 4.750 4.222 
6.441 6.041 2.764 2.055 0.942 0.636 

1.2863 1.4261 1.6706 1.6210 1.4834 1.2876 
1.0361 0.7840 0.5802 0.4615 0.3448 0.2742 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF·DAILY HEAD 
ON LAYER 4 (INCHES) 

10.53 
8.30 

1.48 
0.69 

14.98 
6.19 

1. 39 
0.55 

18.68 
4.55 

1.34 
0.41 

18.55 
3.29 

1.43 
0.33 

12.45 
2.32 

1.69 
0.25 

10.60 
1. 57 

0.59 
0.19 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 2 
__ M ___ w ________________________________________________________________ 

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 42.11 152859. 100.00 

RUNOFF 0.330 1196. 0.78 

EVAPOTRANSPIRATION 33.363 121109. 79.23 

LATERAL DRAINAGE FROM LAYER 3 12.2558 44488. 29.10 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.839 -13934. -9.12 

SOIL WATER AT START OF YEAR 23.09 83812. 

SOIL WATER AT END OF YEAR 19.25 69878. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY .TOTALS FOR YEAR 3 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 3 (INCHES) 

PERCOLATION FROM 
LAYER 4 (INCHES) 

2.18 1.60 5.72 6.16 2.94 2.05 
8.58 3.39 1.91 2.72 1.76 2.94 

0.000 0.000 0.201 0.039 0.000 0.000 
0.162 0.014 0.000 0.002 0.000 0.000 

0.556 0.851 2.013 3.920 4.389 2.218 
6.736 5.991 1.709 1.649 0.733 0.570 

0.3533 0.4915 0.8234 1.3816 1.5671 1.2500 
0.9827 0.7437 0.5513 0.4390 0.3280 0.2761 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

2.34 
7.87 

0. 96 
0.67 

4.09 
5.84 

0.32 
0.52 

6.58 11.37 14.58 10.30 
4.28 3.08 2.16 1.60 

1.96 0.19 1.92 0.74 
0.39 0.31 0.23 0.13 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 3 

(INCHES) (CU. FT.) PERCENT 
~------- --------- -------

PRECIPITATION 41.95 152278. 100.00 

RUNOFF 0.417 1515. 1.00 

EVAPOTRANSPIRATION 31.333 113738. 74.69 

LATERAL DRAINAGE FROM LAYER 3 9.1877 33351. 21.90 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 1.012 3674. 2.41 

SOIL WATER.AT START OF YEAR 19.25 69878. 



SOIL WATER AT END OF YEAR 20.26 73552. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 4 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 3 (INCHES) 

PERCOLATION FROM 
LAYER 4 (INCHES) 

1.29 
4.37 

0.000 
0.038 

0.584 
3.410 

0.5384 
0.4499 

0.0000 
0.0000 

1. 93 
4.54 

0.000 
0.000 

1.250 
5.498 

0.6344 
0.3520 

0.0000 
0.0000 

2.96 
3.78 

0.000 
0.000 

2.531 
2.867 

0.7974 
0.2653 

4.84 
2.40 

0.000 
0.000 

4.317 
2.062 

0.8295 
0.2158 

2.20 
1.44 

0.000 
0.000 

3.303 
1.181 

0. 7091 
0.1524 

0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

4.05 
3.18 

1.19 
0.30 

5.27 
2.28 

0.14 
0.24 

6.34 
1.57 

1.02 
0.18 

6.81 
1.02 

0.33 
0.14 

5.53 
0.59 

0.40 
0.10 

0.94 
1.08 

0.000 
0.000 

1.565 
0.655 

0.5503 
0.0905 

0.0000 
0.0000 

4.27 
0.34 

0.34 
0.05 

*********************************************************************** 



*********************************************************************** 

ANNUAL TOTALS FOR YEAR 4 

-----------------------------------------------------------------------
(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 31.77 115325. 100.00 

RUNOFF 0.038 138. 0.12 

EVAPOTRANSPIRATION 29.222 106077. 91.98 

LATERAL DRAINAGE FROM LAYER 3 5.5850 20274. 17.58 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.075 -11164. -9.68 

SOIL WATER AT START OF YEAR 20.26 73552. 

SOIL WATER AT END OF YEAR 17.19 62388. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 5 

-----------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.75 1. 37 3.91 2.75 7.03 3.22 
3.26 3.21 4.58 1.83 2.37 1. 24 

RUNOFF (INCHES) 0.005 0.000 0.000 0.000 0.052 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.367 1.009 2.509 3.837 4. 780 5.874 
(INCHES) 2. 972 3.205 3.936 2.031 0.847 0.765 

LATERAL DRAINAGE FROM 0.0555 0.2041 0.4137 0.6454 0.6397 0.5965 
LAYER 3 (INCHES) 0.5188 0.4139 0.3164 0.2556 0.1991 0.1369 



PERCOLATION FROM 
LAYER 4 (INCHES) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD .. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

0.21 
3.82 

0.03 
0.30 

1. 31 
2.85 

0. 77 
0.26 

2.89 
2.05 

0.62 
0.21 

5.19 
1.40 

0.18 
0.17 

4.94 
0. 90 

0.10 
0.13 

4. 71 
0.52 

0. 20 
0.09 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 5 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 37.52 136198. 100.00 

RUNOFF 0.058 209. 0.15 

EVAPOTRANSPIRATION 32.130 116631. 85.63 

LATERAL DRAINAGE FROM LAYER 3 4.3954 15955. 11.71 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.937 3402. 2.50 

SOIL WATER AT START OF YEAR 17.19 62388. 

SOIL WATER AT END OF YEAR 18.12 65791. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 



*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

2.26 
5.62 

. 0. 70 
2.75 

1.85 
3.86 

0.45 
0.55 

3.96 
3.13 

1.06 
1. 37 

3.74 
2.68 

1.96 
1.33 

4.46 
2.11 

1.96 
0.63 

2.66 
2.16 

1.15 
1.01 

0.001 0.000 0.040 0.008 0.011 0.000 
0.089 0.021 0.000 0.000 0.000 0.001 

0.002 0.000 0.090 0.017 0.023 0.000 
0.106 0.039 0.000 0.001 0.000 0.003 

0.594 0.913 2.234 3.449 4.395 3.631 
4.656 4.861 2.592 1.989 0.936 0.607 

0.161 0.242 0.535 1.087 0.632 1.736 
1.787 1.367 0.937 0.195 0.167. 0.131 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.6944 0.7879 1.0109 1.1901 1.1446 0.9355 
0.7552 0.5795 0.4329 0.3466 0.2645 0.2991 

0.5466 0.5040 0.4968 0.4269 0.4387 0.3498 
0. 2650 0.1927 0.1394 . 0·.1088 0. 0844 0. 2482 

PERCOLATION FROM LAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 

*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 



---------------------------------------------------------------·--------
(INCHES) (CU. FT.) PERCENT 

---------------- ----------~ -------
PRECIPITATION 38.50 ( 4.232) 139762. 100.00 

RUNOFF 0.171 ( 0.188) 621. 0.44 

EVAPOTRANSPIRATION 30.856 ( 2.103) 112007. 80.14 

lATERAL DRAINAGE FROM 8.4412 ( 3.3584) 30642. 21.92 
lAYER 3 

PERCOlATION FROM lAYER 4 0.0000 ( 0.0000) 0. 0.00 

CHANGE IN WATER STORAGE -0.966 ( 2.315) -3507. -2.51 

*********************************************************************** 

**************.********************************************************* 

PEAK DAILY VALUES FOR YEARS 

PRECIPITATION 

RUNOFF 

lATERAL DRAINAGE FROM lAYER 3 

PERCOlATION FROM LAYER 4 

HEAD ON LAYER 4 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL(VOL) 

MINIMUM VEG. SOIL WATER (VOL(VOL) 

1 THROUGH 

(INCHES). 

2.18 

0.165 

0.0558 

0.0000 

20.6 

1.66 

0.3690 

0.1132 

5 

(CU. FT.) 

7913.4 

597.2 

202.4 

0.0 

6017.0 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 



lAYER (INCHES) (VOL/VOL) 
-------- ---------

1 1.69 0.2811 

2 5.43 0.2262 

3 0.69 0.0574 

4 10.32 0.4300 

SNOW WATER 0.00 

*********************************************************************** 
*********************************************************************** 



*********************************************************************** 
*********************************************************************** 

ASF-ALLIANCE Zl69.05 
SCEN. 2 15tf'FOOT, 5Xl0- 3 
1-14-92 

*********************************************************************** 
*********************************************************************** 

FAIR GRASS 

lAYER 1 

VERTICAL PERCOlATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

6.00 INCHES 
0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 
0.000570000033 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

24.00 INCHES 
0.4730 VOL/VOL 
0.2217 VOL/VOL 
0.1043 VOL/VOL 
0.2217 VOL/VOL 
0.000520000001 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

12.00 INCHES 
0.4370 VOL/VOL 
0.0624 VOL/VOL 



WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

LAYER 4 

0.0245 VOL/VOL 
0.0624 VOL/VOL 
0.004999999888 CM/SEC 
3.00 PERCENT 

150.0 FEET 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
LINER LEAKAGE FRACTION 

24.00 INCHES 
0.4300 VOL/VOL 
0.3663 VOL/VOL 
0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 
0.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

81.48 
43560. SQ FT 

20.00 INCHES 
9.6280 INCHES 
5. 9258 INCHES 
0.0000 INCHES 

18.0918 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CLEVELAND OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

- 2.00 
- 129 
- 285 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 



JAN/JUL 

.25. 30 
70.40 

FEB/AUG 

27.40 
69.30 

MAR/SEP 

37.00 
63.30 

APR/OCT 

48.60 
52.00 

MAY/NOV 

58.30 
40.90 

JUN/DEC 

67.00 
30.20 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1 
~--------------------------~-------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.00 1.80 3.32 3.92 4.52 3.35 
3.30 4.16 1.45 4.91 3.05 3.38, 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.006 0.000 0.000 0.000 0.000 0.006 

EVAPOTRANSPIRATION 0.813 0.870 1.398 3.612 4.754 4.274 
(INCHES) 3.720 3.573 1.685 2.145 0.978 0.409 

LATERAL DRAINAGE FROM 1.0759 1.0382 1.1940 1.2327 1.2034 1.0131 
LAYER 3 (INCHES) 0.8655 0.7007 0.5530 0.4702 0.3978 0. 7138 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 13.79 15.56 17.10 19.62 17.28 12.49 
LAYER 4 (INCHES) 10.10 8.34 6;86 5.63 4. 91 8.53 

STD. DEV. OF DAILY HEAD 2.36 0.59 2.55 0.32 1.16 1.45 
ON LAYER 4 (INCHES) 0.55 0.48 0.39 0.33 0.25 1.72 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1 

(INCHES) (CU. FT.) PERCENT 

'\ ~~~ l . 



PRECIPITATION 39.16 142151. 100.00 

RUNOFF 0.013 46 .. 0.03 

EVAPOTRANSPIRATION 28.232 102482. 72.09 

lATERAL DRAINAGE FROM lAYER 3 10.4582 37963. 26.71 

PERCOLATION FROM LAYER 4 0.0000 o: 0.00 

CHANGE IN WATER STORAGE 0.457 1660. 1.17 

SOIL WATER AT START OF YEAR 23.94 86903. 

SOIL WATER AT END OF YEAR 24.40 88563. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 2 
-·---------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
-·------ ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 3.10 2.57 3.90 ·1.03 5.63 3.75 
8.60 4.01 3.92 1.54 1. 91 2.15 

RUNOFF (INCHES) 0.001 0.000 0.000 0.000 0.000 0.000 
0.238 0.090 0.000 0.000 0.000 . 0.000 

EVAPOTRANSPIRATION 0.651 0.587 2.718 1.558 4.750 4.222 
(INCHES) 6.441 6.041 2.764 2.055 0.942 0.636 

LATERAL DRAINAGE FROM 1.1754 1.1785 1.4994 1.4433 1. 3249 1.2285 
LAYER 3 (INCHES) 1.1173 0.9252 0. 7271 0.6110 0.4847 0.4142 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

16.62 
14.39 

2.00 
l. 97 

20.61 26.25 
10.71 8.89 

0.55 
0.56 

l. 97 
0.49 

25.78 
7.32 

1.69 
0.43 

21.12 
6.01 

0.78 
0.34 

19.36 
4.92 

1.19 
0.30 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 2 
••---w-•••••••-•••••••----·-••••-•••••••••••••••••••••••••••••••••••••-

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 42.11 152859. 100.00 

RUNOFF 0.330 1196. 0.78 

EVAPOTRANSPIRATION 33.364 121110. 79.23 

LATERAL DRAINAGE FROM LAYER 3 12.1294 44030. 28.80 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.712 -13476. -8.82 

SOIL WATER AT START OF YEAR 24.40 88563. 

SOIL WATER AT END OF YEAR 20.68 75086. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 3 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
----ti~- ------- ------- ------- ------- -------

PRECIPITATION (INCHES). 2.18 1. 60 5.72 6.16 2.94 2.05 
8.58 3 . .39 1. 91 2. 72 1. 76 2.94 

RUNOFF (INCHES) 0.000 0.000 0.201 0.039 0.000 0.000 
0.162 0.014 0.000 0.002 0.000 0.000 

EVAPOTRANSPIRATION 0.556 0.851 2.013 3. 920 4.389 2.217 
(INCHES) 6.736 5.990 1.709 1.649 0.733 0.570 

LATERAL DRAINAGE FROM 0.4504 0.5255 0.8032 1.1907 1.3131 1.1556 
LAYER 3 (INCHES) 1.0176 0.8316 0.6530 0.5511 0.4393 0.3879 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

-----------------------------------------------------------------------

AVG. DAILY HEAD ON 5.42 7.03 10.23 18.30 20.77 16.96 1 D 
Lj'1.-

LAYER 4 (INCHES) 11.92 9.75 8.05 6.62 5.43 4.60 

STD. DEV. OF DAILY HEAD 0.92 0.30 3.53 0.69 0.83 1.24 
ON LAYER 4 (INCHES) 1.17 0.54 0.45 0.39 0.31 0.15 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 3 

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 41.95 152278. 100.00 

RUNOFF 0.417 1515. 1.00 

EVAPOTRANSPIRATION 31. 333 113739. 74.69 

LATERAL DRAINAGE FROM LAYER 3 9.3191 33828. 22.21 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.880 3196. 2.10 

SOIL WATER AT START OF YEAR 20.68 75086. 



SOIL WATER AT END OF YEAR 21.57 78282. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 4 
-----------------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- -------

PRECIPITATION (INCHES) 1.29 1. 93 2.96 4.84 
4. 37 4.54 3.78 2.40 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 
0.038 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.584 1.250 2.531 4.317 
(INCHES) 3.410 5.498 2.867 2.063 

LATERAL DRAINAGE FROM 0.5694 0. 6321 0. 7721 0.8015 
LAYER 3 (INCHES) 0.5003 0.4161 0.3371 0.2927 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

6.88 
6.00 

1.16 
0.33 

8.09 
4.94 

0.14 
0.29 

9.17 
4.06 

1.03 
0.23 

9.73 
3.31 

0.30 
0.20 

-------

2.20 
1.44 

0.000 
0.000 

3.303 
1.181 

0.7145 
0.2388 

0.0000 
0.0000 

8.49 
2.69 

0.40 
0.17 

-------

0.94 
1.08 

0.000 
0.000 

1.564 
0.655 

0. 5808 
0.2084 

0.0000 
0.0000 

7.19 
2.15 

0.36 
0.15 

*********************************************************************** 

. 0~ 
It· 



*********************************************************************** 

ANNUAL TOTALS FOR YEAR 4 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 31.77 115325. 100.00 

RUNOFF 0.038 138. 0.12 

EVAPOTRANSPIRATION 29.223 106079. 91.98 

LATERAL DRAINAGE FROM LAYER 3 6.0640 22012. 19.09 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.555 -12904. -11.19 

SOIL WATER AT START OF YEAR 21.57 78282. 

SOIL WATER AT END OF YEAR 18.01 65379. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 5 

-----------------------------------------------------------------------
JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.75 1. 37 3.91 2.75 7.03 3.22 
3.26 3.21 4.58 1.83 2.37 1. 24 

RUNOFF (INCHES) 0.005 0.000 0.000 0.000 0.052 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.367 1.009 2.509 3.837 4.780 5.874 
(INCHES) 2. 971 3.205 3.936 2.031 0.847 0.765 

LATERAL DRAINAGE FROM 0.1758 0.2137 0.3580 0.5402 0.5590 0.5392 
LAYER 3 (INCHES) 0.4945 0.4200 0.3436 0.3002 0.2460 0. 2155 



PERCOLATION FROM 
LAYER 4 (INCHES) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

1. 70 
5.93 

0.12 
0.28 

2.58 
4. 99 

0.76 
0.27 

4.24 
4.15 

0.65 
0.23 

6.75 
3.42 

0.25 
0.20 

6.75 
2.79 

0.09 
0.17 

6.71 
2.25 

0.15 
0.15 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 5 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 37.52 136198. 100.00 

RUNOFF 0.058 209. 0.15 

EVAPOTRANSPIRATION 32.130 116633. 85.64 

LATERAL DRAINAGE FROM LAYER 3 4.4055 15992. 11.74 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.927 3363. 2.47 

SOIL WATER AT START OF YEAR 18.01 65379. 

SOIL WATER AT END OF YEAR 18.94 68742. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 



*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

-------8---------------------------------------------------------------

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

JANjJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

2.26 
5.62 

0.70 
2.75 

1.85 
3.86 

0.45 
0. 55 

3.96 
3.13 

1.06 
1. 37 

3.74 
2.68 

1. 96 
1. 33 

4.46 
2.11 

1. 96 
0.63 

2.66 
2.16 

1.15 
1.01 

0.001 0.000 0.040 0.008 0.011 0.000 
0.089 0.021 0.000 0.000 0.000 0.001 

0.002 0.000 0.090 0.017 0.023 0.000 
0.106 0.039 0.000 0.001 0.000 0.003 

0.594 0.913 2.234 3.449 4.395 3.630 
4.656 4.861 2.592 1.989 0.936 0.607 

0.161 0.242 0.535 1.087 0.632 1.737 
1.787 1.367 0.937 0.195 0.167 0.131 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.6894 0.7176 0.9253 1.0417 1.0230 0.9034 
0.7990 0.6587 0.5228 0.4450 0.3613 0.3879 

0.4245 0.3916 0.4365 0.3637 0.3600 0.3233 
0.2896 0.2337 0.1776 0.1446 0.1129 0.2055 

PERCOLATION FROM LAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 

*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD; DEVIATIONS) FOR YEARS 1 THROUGH 5 



-------------------------------~---------------------------------------
(INCHES) (CU. FT.) PERCENT 

PRECIPITATION 38.50 ( 4.232) 

0.171 ( 0.188) 

30.856 ( 2.103) 

8.4752 ( 3.1770) 

139762. 100.00 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE FROM 
LAYER 3 

PERCOLATION FROM LAYER 4 

CHANGE IN WATER STORAGE 

0.0000 ( 0.0000) 

-1.001 ( 2.411) 

621. 0.44 

112008. 80.14 

30765. 22.01 

0. 0.00 

-3632. -2.60 

*********************************************************************** 

*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 

PRECIPITATION 2.18 7913.4 

RUNOFF 0.165 597.2 

LATERAL DRAINAGE FROM LAYER 3 0.0513 186.3 

PERCOLATION FROM LAYER 4 0.0000 0.0 

HEAD ON LAYER 4 28.7 

SNOW WATER 1.66 6017.0 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3690 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1132 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 



LAYER (INCHES) (VOL(VOL) 
-------- ---------

1 1.69 0.2811 

2 5.43 0.2262 

3 1.50 0.1251 

4 10.32 0.4300 

SNOW WATER 0.00 

*********************************************************************** 
*********************************************************************** 



*********************************************************************** 
*********************************************************************** 

ASF-ALLIANF. ·. }169 'OS 
SCEN. 2 ••·. , SX10·3" 
1-14-92 l ' 

•.>' 

*********************************************************************** 
*********************************************************************** 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

6.00 INCHES 
0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 
0.000570000033 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

24.00 INCHES 
0.4730 VOL/VOL 
0.2217 VOL/VOL 
0. 1043 VOL/VOL 
0.2217 VOL/VOL 
0.000520000001 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

12.00 INCHES 
0.4370 VOL/VOL 
0.0624 VOL/VOL 



WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

LAYER 4 

0.0245 VOL/VOL 
0.0624 VOL/VOL 
0.004999999888 CM/SEC 
3.00 PERCENT 

125.0 FEET 

BARRIER SOIL LINER WITH 
THICKNESS 

FLEXIBLE MEMBRANE LINER 

POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
LINER LEAKAGE FRACTION 

24.00 INCHES 
0.4300 VOL/VOL 
0.3663 VOL/VOL 
0.2802 VOL/VOL 
0.4300 VOL/VOL 
0.000000100000 CM/SEC 
0.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

81.48 
43560. SQ FT 

20.00 INCHES 
9.6280 INCHES 
5.9258 INCHES 
0.0000 INCHES 

18.0918 INCHES 

SOIL WATER CONTENT INITIALIZED BY PROGRAM. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CLEVELAND OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

- 2.00 
- 129 
- 285 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 



JAN/JUL 

25.30 
70.40 

FEB/AUG 

27.40 
69.30 

MAR/SEP 

37.00 
63.30 

APR/OCT 

48.60 
52.00 

MAY/NOV 

58.30 
40.90 

JUN/DEC 

67.00 
30.20 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1 

JANjJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
m-~---- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.00 1.80 3.32 3. 92 4.52 3.35 
3.30 4.16 1.45 4.91 3.05 3.38 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.006 0.000 0.000 0.000 0.000 0.006 

EVAPOTRANSPIRATION 0.813 0.870 1.398 3.612 4.754 4.274 
(INCHES) 3. 720 3.573 1.685 2.145 0.978 0.409 

LATERAL DRAINAGE FROM 1. 2120 1.1549 1. 3234 1.4423 1. 2951 0.9850 
LAYER 3 (INCHES) 0.7904 0.6145 0.4699 0.3883 0.3267 0.7043 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

-----------------------------------------------------------------------

AVG. DAILY HEAD ON 11.65 11.88 13.73 16.38 12.38 9.69 
LAYER 4 (INCHES) 7.76 6.13 4.85 3.83 3.29 7.01 

STD. DEV. OF DAILY HEAD 1. 57 0.83 3.11 0.34 1.60 . 0. 60 
ON LAYER 4 (INCHES) 0.53 0.43 0.33 0.27 0.26 1. 73 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1 

(INCHES) (CU. FT.) PERCENT 



PRECIPITATION 39.16 . 142151. 100.00 

RUNOFF 0.013 46. 0.03 

EVAPOTRANSPIRATION 28.232 102482. 72.09 

lATERAL DRAINAGE FROM lAYER 3 10.7068 38866. 27.34 

PERCOlATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.209 758. 0.53 

SOIL WATER AT START OF YEAR 23.61 85721. 

SOIL WATER AT END OF YEAR 23.82 86478. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 2 

-----------------------------------------------------------------------
JANjJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 3.10 2.57 3.90 1.03 5.63 3.75 
8.60 4.01 3.92 1.54 1.91 2.15 

RUNOFF (INCHES) 0.001 0.000 0.000 0.000 0.000 0.000 
0.238 0.090 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.651 0.587 2.718 1.558 4. 750 4. 222 
(INCHES) 6.441 6.041 2.764 2.055 0.942 0.636 

LATERAL DRAINAGE FROM 1. 2768 1.3883 1. 6992 1. 6350 1.4717 1. 2672 
LAYER 3 (INCHES) 1. 0214 0.7805 0.5869 0.4783 0.3695 0.3081 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

12.66 
9. 72 

17.47 
7.67 

21.06 20.61 15.89 12.60 
2.94 6.06 4.78 3.76 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

2.51 
0.66 

0.57 
0.54 

1.65 
0.41 

1.59 
0.34 

0.94 
0.26 

1.66 
0.22 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 2 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 42.11 152859. 100.00 

RUNOFF 0.330 1196. 0.78 

EVAPOTRANSPIRATION 33.364 121110. 79.23 

LATERAL DRAINAGE FROM LAYER 3 12.2831 44588. 29.17 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.866 -14034. -9.18 

SOIL WATER AT START OF YEAR 23.82 86478. 

SOIL WATER AT END OF YEAR 19.96 72444. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 3 

-----------------------------------------------------------------------

1\.'~-1 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ---~--- ------- ------- ------- -------

PRECIPITATION (INCHES) 2.18 1.60 5. 72 6.16 2.94 2.05 
8.58 3.39 1.91 2. 72 1. 76 2.94 

RUNOFF (INCHES) 0.000 0.000 0.201 0.039 0.000 0.000 
0.162 0.014 0.000 0.002 0.000 0.000 

EVAPOTRANSPIRATION 0.556 0.851 2.013 3.920 4. 389 2.217 
(INCHES) 6.736 5.990 1.709 1.649 0.733 0.570 

LATERAL DRAINAGE FROM 0.3679 0.4811 0.8072 1.4027 1.5236 l. 2092 
LAYER 3 (INCHES) 0.9690 0.7426 0.5606 0.4584 0.3551 0.3088 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

-----------------------------------------------------------------------

AVG. DAILY HEAD ON 3.63 5.38 8.10 15.47 17.08 11.72 1· '\ I LAYER 4 (INCHES) 9.29 7.33 5.79 4.57 3.59 2.96 

STD. DEV. OF DAILY HEAD 0.95 0.33 2.56 0.63 1.06 1.18 
ON LAYER 4 (INCHES) 0.64 0.51 0.39 0.32 0.25 0.13 

*********************************************************************** 

***********************************************************·************ 
ANNUAL TOTALS FOR YEAR 3 

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 41.95 152278. 100."00 

RUNOFF 0.417 1515. 1.00 

EVAPOTRANSPIRATION 31.333 113739. 74.69 

LATERAL DRAINAGE FROM LAYER 3 9.1861 33345. 21.90 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 1.013 3679. 2.42 

SOIL WATER AT START OF YEAR 19.96 72444. 



SOIL WATER AT END OF YEAR 20.97 76123. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 4 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 1.29 1.93 2.96 4.84 2.20 0.94 
4.37 4.54 3.78 2.40 1.44 1.08 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.038 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.584 1.250 2.531 4.317 3.303 1.564 
(INCHES) 3.410 5.498 2.867 2.063 1.181 0.655 

LATERAL DRAINAGE FROM 0.5324 0.6197 0.7808 0.8154 0. 7039 0.5547 
LAYER 3 (INCHES) 0.4638 0.3747 0.2953 0.2497 0.1982 0.1682 

PERCOLATION FROM 0.0000 0.0000 0.0000. 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0;0000 0.0000 0.0000 0.0000 0.0000 0.0000 

--------------------------------------------------------~--------------
MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

5.36 
4.63 

1.19 
0.31 

6.61 
3.68 

0.13 
0.25 

7.71 
2.91 

1.03 
0.20 

8.22 
2.27 

0. 31 
0.17 

6.98 
l. 76 

0.39 
0.13 

5.73 yJl 
1.33 

0.34 
0.11 

*********************************************************************** 



*********************************************************************** 

ANNUAL TOTALS FOR YEAR 4 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 31.77 115325. 100.00 

RUNOFF 0.038 138: 0.12 

EVAPOTRANSPIRATION 29.223 106079. 91.98 

LATERAL DRAINAGE FROM LAYER 3 5.7568 20897. 18.12 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.248 -11789. -10.22 

SOIL WATER AT START OF YEAR 20.97 76123. 

SOIL WATER AT END OF YEAR 17.72 64335. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR · 5 . 

JANjJUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

LATERAL DRAINAGE FROM 
LAYER 3 (INCHES) 

2.75 
3.26 

0.005 
0.000 

0.367 
2.971 

0.1375 
0.5014 

1. 37 
3.21 

0.000 
0.000 

1.009 
3.205 

0.1972 
0.4117 

3.91 
4.58 

0.000 
0.000 

2.509 
3.936 

0.3653 
0.3267 

2.75 
1.83 

0.000 
0.000 

3.837 
2.031 

7.03 
2.37 

0.052 
0.000 

4. 780 
0.847 

0.5824 0.5921 
0.2773 0.2207 

3.22 
1.24 

0.000 
0.000 

5.874 
0.765 

0.5631 
0.1880 



PERCOLATION FROM 
LAYER 4 (INCHES) 

0.0000 
0.0000 

0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

0.98 
5.01 

0.09 
0.28 

l. 95 
4.08 

0.78 
0.26 

3.62 
3.27 

0.65 
0.21 

6.05 
2.59 

0.22 
0.18 

5.95 
2.03 

0.09 
0.15 

5.83 
l. 56 

0.17 
0.13 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 5 
---------~-------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 37.52 136198. 100.00 

RUNOFF 0.058 209. 0.15 

EVAPOTRANSPIRATION 32.130 116633. 85.64 

LATERAL DRAINAGE FROM LAYER 3 4.3634 15839. 11.63 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.969 3516. 2.58 

SOIL WATER AT START OF YEAR 17.72 64335. 

SOIL WATER AT END OF YEAR 18.69 67851. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 



*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

2.26 
5.62 

0. 70 
2.75 

1.85 
3.86 

0.45 
0.55 

3.96 
3.13 

1.06 
1.37 

3.74 
2.68 

1.96 
1.33 

4.46 
2.11 

1. 96 
0.63 

2.66 
2.16 

1.15 
1.01 

0.001 0.000 0.040 0.008 0.011 0.000 
0.089 0.021 0.000 0.000 0.000 0.001 

0.002 0.000 0.090 0.017 0.023 0.000 
0.106. 0.039 0.000 0.001 0.000 0.003 

0.594 0.913 2.234 3.449 4.395 3.630 
4.656 4.861 2.592 1.989 0.936 0.607 

0.161 0.242 0.535 1.087 0.632 1.737 
1.787 1.367 0.937 0.195 0.167 0.131 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.7053 0.7682 0.9952 1.1755 1.1173 0.9158 
0.7492 0.5848 0.4479 0.3704 0.2940 0.3355 

0.5122 0.4911 0.5200 0.4515 0.4384 0.3425 
0.2583 0.1859 0.1327 0.1036 0.0791 0.2164 

PERCOLATION FROM lAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0000. 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

' *********************************************************************** 

*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 



----------------------~---~--------------------------------------------
(INCHES) (CU. FT.) PERCENT 

---------------- ----------- -------
PRECIPITATION 38.50 ( 4.232) 139762. 100.00 

RUNOFF 0.171 ( 0.188) 621. 0.44 

EVAPOTRANSPIRATION 30.856 ( 2.103) 112008. 80.14 

LATERAL DRAINAGE FROM 8.4592 ( 3.3272) 30707. 21.97 
LAYER 3 

PERCOLATION FROM LAYER 4 0.0000 ( 0.0000) 0. 0.00 

CHANGE IN WATER STORAGE -0.985 ( 2.380) -3574. -2.56 

*********************************************************************** 

*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 

PRECIPITATION 2.18 7913.4 

RUNOFF 0.165 597.2 

LATERAL DRAINAGE FROM LAYER 3 0.0588 213.6 

PERCOLATION FROM LAYER 4 0.0000 0.0 

HEAD ON LAYER 4 23.6 

SNOW WATER 1.66 6017.0 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3690 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1132 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 



LAYER (INCHES) (VOL/VOL) 
-------- ---------

1 1.69 0.2811 

2 5.43 0.2262 

3 1.26 0.1047 

4 10.32 0.4300 

SNOW WATER 0.00 

*********************************************************************** 
*********************************************************************** 



*********************************************************************** 
*********************************************************************** 

ASF-ALLIAN.. . 2].6Q .05 • . . 
SCEN. 2 FOOT.i 5X10 .• 3 
1-14-92 . 

*********************************************************************** 
*********************************************************************** 

FAIR GRASS 

LAYER 1 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 2 

6.00 INCHES 
0.5010 VOL/VOL 
0.2837 VOL/VOL 
0.1353 VOL/VOL 
0.2837 VOL/VOL 
0.000570000033 CM/SEC 

VERTICAL PERCOLATION LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 

LAYER 3 

24.00 INCHES 
0.4730 VOL/VOL 
0. 2217 VOL/VOL 
0.1043 VOL/VOL 
0. 2217 VOL/VOL 
0.000520000001 CM/SEC 

LATERAL DRAINAGE LAYER 
THICKNESS 
POROSITY 
FIELD CAPACITY 

12.00 INCHES 
0.4370 VOL/VOL 
0.0624 VOL/VOL 



WILTING POINT 
INITIAL SOIL WATER CONTENT 
SATURATED HYDRAULIC CONDUCTIVITY 
SLOPE 
DRAINAGE LENGTH 

LAYER 4 

0.0245 VOL/VOL 
0.0624 VOL/VOL 
0.004999999888 CM/SEC 
3.00 PERCENT 

100.0 FEET 

BARRIER SOIL LINER WITH FLEXIBLE MEMBRANE LINER 
THICKNESS 24.00 INCHES 
POROSITY 0.4300 VOL/VOL 
FIELD CAPACITY 0.3663 VOL/VOL 
WILTING POINT 0.2802 VOL/VOL 
INITIAL SOIL WATER CONTENT 0.4300 VOL/VOL 
SATURATED HYDRAULIC CONDUCTIVITY 0.000000100000 CM/SEC 
LINER LEAKAGE FRACTION 0.00000000 

GENERAL SIMULATION DATA 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 
UPPER LIMIT VEG. STORAGE 
INITIAL VEG. STORAGE 
INITIAL SNOW WATER CONTENT 
INITIAL TOTAL WATER STORAGE IN 

SOIL AND WASTE LAYERS 

81.48 
43560. SQ FT 

20.00 INCHES 
9.6280 INCHES 
5.9258 INCHES 
0.0000 INCHES 

18.0918 INCHES 

SOIL WATER CONTENT INITIALIZED BY ~ROGRAM. 

CLIMATOLOGICAL DATA 

SYNTHETIC RAINFALL WITH SYNTHETIC DAILY TEMPERATURES AND 
SOLAR RADIATION FOR CLEVELAND OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 

- 2.00 
- 129 
- 285 

NORMAL MEAN MONTHLY TEMPERATURES, DEGREES FAHRENHEIT 



JAN/JUL 

25.30 
70.40 

FEB/AUG 

27.40 
69.30 

MAR/SEP 

37.00 
63.30 

APR/OCT 

48.60 
52.00 

MAY/NOV 

58.30 
40.90 

JUN/DEC 

67.00 
30.20 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 1 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
~------ ------- ------- ----~-- ------- -------

PRECIPITATION (INCHES) 2.00 1.80 3.32 3.92 4.52 3.35 
3.30 4.16 1.45 4.91 3.05 3.38 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.006 0.000 0.000 0.000 0.000 0.006 

EVAPOTRANSPIRATION 0.813 0.870 1.398 3.612 4. 754 4.274 
(INCHES) 3. 720 3.573 1.685 2.145 0.978 0.409 

LATERAL DRAINAGE FROM 1. 3744 1. 2737 1.4237 1.5601 1.3295 0.9391 
LAYER 3 (INCHES) 0.7127 0.5289 0.3886 0.3092 0.2608 0.7341 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

10.00 10.15 10.24 11.29 9.68 
5. 65 4. 24 3. 18 2. 36 . 2. 02 

0.60 
0.47 

0.42 
0.36 

1.26 
0.27 

0.21 
0.21 

0.70 
0.29 

7.45 
5.81 

0.58 
1. 70 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 1 

(INCHES) (CU. FT.) PERCENT 



PRECIPITATION 39.16 142151. 100.00 

RUNOFF 0.013 46. 0.03 

EVAPOTRANSPIRATION 28.232 102482. 72.09 

lATERAL DRAINAGE FROM lAYER 3 10.8348 39330. 27.67 

PERCOlATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.081 293. 0.21 

SOIL WATER AT START OF YEAR 23.27 84453. 

SOIL WATER AT END OF YEAR 23.35 84746. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 2 
M-------p--------------------------------------------------------------

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -----·-

PRECIPITATION (INCHES) 3.10 2.57 3.90 1.03 5.63 3.75 
8.60 4.01 3.92 1.54 1.91 2.15 

RUNOFF (INCHES) 0.001 0.000 0.000 0.000 0.000 0.000 
0.238 0.090 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.651 0.587 2.718 1.558 4.750 4.222 
(INCHES) 6.441 6.041 2.764 2.055 0.942 0.636 

lATERAL DRAINAGE FROM .1.4125 1. 6197 2.0391 1. 8398 1. 3703 1.1359 
lAYER 3 (INCHES) 0.8844 0.6468 0.4683 0.3689 0.2756 0.2218 

PERCOLATION FROM 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

10.22 
6.87 

0.79 
0.56 

13.11 16.67 14.55 
5.16 3.87 2.89 

1.69 
0.44 

1.24 
0.32 

2.50 
0.25 

9.92 
2.14 

0.66 
0.19 

8.75 
1.56 

0.48 
0.15 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 2 
·----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 42.11 152859. 100.00 

RUNOFF 0.330 1196. 0. 78 

EVAPOTRANSPIRATION 33.364 121110. 79.23 

LATERAL DRAINAGE FROM LAYER 3 12.2829 44587. 29.17 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.866 -14034. -9.18 

SOIL WATER AT START OF YEAR 23.35 84746. 

SOIL WATER AT END OF YEAR 19.48 70713. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. o:oo 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 3 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION (INCHES) 2.18 1.60 5.72 6.16 2.94 2.05 
8.58 3.39 1.91 2.72 1.76 2.94 

RUNOFF (INCHES) 0.000 0.000 0.201 0.039 ·0.000 0.000 
0.162 0.014 0.000 0.002 0.000 0.000 

EVAPOTRANSPIRATION 0.556 0.851 2.013 3.920 4.389 2.217 
(INCHES) 6.736 5.990 1.709 1.649 0.733 0.570 

LATERAL DRAINAGE FROM 
LAYER 3 (INCHES) 

PERCOLATION FROM 
LAYER 4 (INCHES) 

0.3163 0.4755 0.8629 1.5357 1.7666 1.2467 
0.9159 0.6605 0.4753 0.3731 0.2781 0.2381 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

2.44 
7.08 

0.99 
0.62 

4.25 
5.26 

0.33 
0.46 

6.72 11.17 12.93 
3.93 2.93 2.16 

1.92 
0.33 

0.24 
0.26 

1.88 
0.19 

9.43 
1.72 

0.76 
0.13 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 3 

(INCHES) (CU. FT.) PERCENT 
-~------ --------- -------

PRECIPITATION 41.95 152278. 100.00 

RUNOFF 0.417 1515. 1.00 

EVAPOTRANSPIRATION 31.333 113739. 74.69 

LATERAL DRAINAGE FROM LAYER 3 9.1447 33195. 21.80 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 1.055 3829. 2.51 

.SOIL WATER AT START OF YEAR 19.48 70713. 



SOIL WATER AT END OF YEAR 20.53 74542. 

SNOW WATER AT START OF YEAR 0.00 0 .. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 4 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ------- ------- -------

PRECIPITATION (INCHES) 1.29 1. 93 2.96 4.84 2.20 0.94 
4.37 4.54 3.78 2.40 1.44 1.08 

RUNOFF (INCHES) 0.000 0.000 0.000 0.000 0.000 0.000 
0.038 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.584 1.250 2.531 4.317 3.303 1.564 
(INCHES) 3.410 5.498 2.867 2.063 1.181 0.655 

LATERAL DRAINAGE FROM 0.5260 0.6387 0.8247 0.8533 0.7011 0.5270 
LAYER 3 (INCHES) 0.4219 0.3268 0.2476 0.2013 0.1535 0.1246 

PERCOLATION FROM ·o.oooo 0.0000 0.0000 0.0000 0.0000 0.0000 
LAYER 4 (INCHES) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

-----------------------------------------------------------------------
MONTHLY SUMMARIES FOR DAILY HEADS 

-----------------------------------------------------------------------

AVG. DAILY HEAD ON 4.23 5.44 6.48 6.85 5.56 4.36 ~.&~ 
LAYER 4 (INCHES) 3.35 2.52 1.88 1.37 0.98 0.67 

STD. DEV. OF DAILY HEAD 1.19 0.14 0.99 0.34 0.39 0.32 
ON LAYER 4 (INCHES) 0.27 0.22 0.16 0.13 0.10 0.08 

*********************************************************************** 



*********************************************************************** 

ANNUAL TOTALS FOR YEAR 4 
-----------------------------------------------------------------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 31.77 115325. 100.00 

RUNOFF 0.038 138. 0.12 

EVAPOTRANSPIRATION 29.223 106079. 91.98 

LATERAL DRAINAGE FROM. LAYER 3 5.5465 20134. 17.46 

PERCOLATION FROM. LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE -3.037 -11025. -9.56 

SOIL WATER AT START OF YEAR 20.53 74542. 

SOIL WATER AT END OF YEAR 17.50 63517. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL WATER BUDGET BALANCE 0.00 0. 0.00 

*********************************************************************** 

*********************************************************************** 

MONTHLY TOTALS FOR YEAR 5 
-----------------------------------------------------------------------

JAN/JUL FEB/AUG M.AR/SEP APR/OCT MAY/NOV JUN/DEC 
------- ------- ------- ___ e ___ 

------- -------

PRECIPITATION (INCHES) 2.75 1.37 3.91 2.75 7.03 3.22 
3.26 3.21 4.58 1.83 2.37 1.24 

RUNOFF (INCHES) 0.005 0.000 0.000 0.000 0.052 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

EVAPOTRANSPIRATION 0.367 1.009 2.509 3.837 4. 780 5.874 
(INCHES) 2.971 3.205 3.936 2.031 0.847 0.765 

LATERAL DRAINAGE FROM. 0.1014 0.1883 0.3901 0.6542 0. 6417 0.5943 
LAYER 3 (INCHES) 0.5056 0.3963 0.3009 0.2449 0.1872 0.1529 



PERCOLATION FROM 
LAYER 4 (INCHES) 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

MONTHLY SUMMARIES FOR DAILY HEADS 

AVG. DAILY HEAD ON 
LAYER 4 (INCHES) 

STD. DEV. OF DAILY HEAD 
ON LAYER 4 (INCHES) 

0.43 
4.05 

0.06 
0.28 

1.47 
3.13 

0.78 
0.25 

3.11 
2.38 

0.63 
0.19 

5.41 
1. 78 

0.18 
0.16 

5.14 
1.30 

0.10 
0.12 

4.91 
0.93 

0.20 
0.10 

*********************************************************************** 

*********************************************************************** 

ANNUAL TOTALS FOR YEAR 5 
•••••v-------------------------------------------------•-••------------

(INCHES) (CU. FT.) PERCENT 
-------- --------- -------

PRECIPITATION 37.52 136198. 100.00 

RUNOFF 0.058 209. 0.15 

EVAPOTRANSPIRATION 32.130 116633. 85.64 

LATERAL DRAINAGE FROM LAYER 3 4.3579 15819. 11.61 

PERCOLATION FROM LAYER 4 0.0000 0. 0.00 

CHANGE IN WATER STORAGE 0.974 3536. 2.60 

SOIL WATER AT START OF YEAR 17.50 63517. 

SOIL WATER AT END OF YEAR 18.47 67053. 

SNOW WATER AT START OF YEAR 0.00 0. 

SNOW WATER AT END OF YEAR 0.00 0. 

ANNUAL'WATER BUDGET BA1ANCE 0.00 0. 0.00 

*********************************************************************** 



*********************************************************************** 

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1 THROUGH 5 

PRECIPITATION 

TOTALS 

STD. DEVIATIONS 

RUNOFF 

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 

TOTALS 

STD. DEVIATIONS 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

2.26 
5.62 

0.70 
2.75 

1.85 
3.86 

0.45 
0.55 

3.96 
3.13 

1.06 
1.37 

3.74 
2.68 

1. 96 
1.33 

4.46 
2.11 

1. 96 
0.63 

2.66 
2.16 

1.15 
1.01 

0.001 0.000 0.040 0.008 0.011 0.000 
0.089 0.021 0.000 0.000 0.000 0.001 

0.002 0.000 0.090 0.017 0.023 0.000 
0.106 0.039 0.000 0.001 0.000 0.003 

0.594 0.913 2.234 3.449 4.395 3.630 
4.656 4.861 2.592 1.989 0.936 0.607 

0.161 0.242 0.535 1.087 0.632 1.737 
1.787 1.367 0.937 0.195 0.167 0.131 

LATERAL DRAINAGE FROM LAYER 3 

TOTALS 

STD. DEVIATIONS 

0.7461 0.8392 1.1081 1.2886 1.1619 0.8886 
0.6881 0.5118 0.3761 0.2995 0.2310 0.2943 

0.6098 0.5904 0.6368 0.5076 0.4796 0.3199 
0.2209 0.1485 0.1008 0.0757 0.0570 0.2503 

PERCOLATION FROM LAYER 4 

TOTALS 

STD. DEVIATIONS 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

*********************************************************************** 

*********************************************************************** 

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 5 



------~----------------------------------------------------------------
(INCHES) (CU. FT.) PERCENT 

---------------- ----------- -------
PRECIPITATION 38.50 ( 4.232) 139762. 100.00 

RUNOFF 0.171 ( 0.188) 621. 0.44 

EVAPOTRANSPIRATION 30.856 ( 2.103) 112008. 80.14 

LATERAL DRAINAGE FROM 8.4334 ( 3.3925) 30613. 21.90 
LAYER 3 

PERCOLATION FROM LAYER 4 0.0000 ( 0.0000) 0. 0.00 

CHANGE IN WATER STORAGE -0.959 ( 2.326) -3480. -2.49 

*********************************************************************** 

*********************************************************************** 

PEAK DAILY VALUES FOR YEARS 1 THROUGH 5 

(INCHES) (CU. FT.) 
-------- ---------

PRECIPITATION 2.18 7913.4 

RUNOFF 0.165 597.2 

LATERAL DRAINAGE FROM LAYER 3 0.0690 250.5 

PERCOLATION FROM LAYER 4 0.0000 0.0 

HEAD ON LAYER 4 18.1 

SNOW WATER 1.66 6017.0 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3690 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1132 

*********************************************************************** 

*********************************************************************** 

FINAL WATER STORAGE AT END OF YEAR 5 



lAYER (INCHES) (VOL/VOL) 
-------- ---------

1 1.69 0.2811 

2 5.43 0.2262 

3 1.04 0.0864 

4 10.32 0.4300 

SNOW WATER 0.00 

**********************·************************************************* 
*********************************************************************** 
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Figure 6. Regional average depth of frost penetration 
in inches (Stewart, et al., 1975). 
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Not only is erosion objectionable in itself but erosion can degrade the 
cover and seriously reduce its effectiveness . 
Evaluate Erosion Potential 

Step 19 The USDA universal soil loss-equation (USLE) is a convenient tool for 
use in evaluating erosion potential. The USLE predicts ·average annual soil 
loss as the product of six quantifiable factors. The equation is: A=RKLSC.P where A = average annual soil loss·, in tons/acre R = rainfall and runoff erosivity index K =soil erodibility factor, tons/acre L = slope-length factor S = slope-steepness factor C = cover-·management factor P = practice factor 

The data necessary as input to this equation are available to the evaluator 
in a figure and tables included below. Note that the evaluations in Step 8 
on soil composition and Steps 25-32 on vegetation all impact on the evalu
ation of erosion also. 

Factor R in the USLE can be calculated empirically from climatological 
data. For average annual soil loss determinations, however, R can be ob
tained directly from Figure 20. Factor K, the average soil loss for a given 

Figure 20. Average annual values of rainfall-erosivity factor R. 11 
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soil in a unit plot, pinpoints differences in erosion according to differ
ences in soil type. Long-term plot studies under natural rainfall have pro
duced K values generalized in Table 5 for the USDA ·soil types. 

(-wPSat.:..) 

TABLE 5. APPROXIMATE VALUES OF FACTOR K FOR 
USDA TEXTURAL CLASSESll 

Organic matter· content 
Texture class <{). 5% 2% 4% 

K K K 
Sand 0.05 0.03 0.02 
Fine sand .16 .14 .10 
Very fine sand .42 .36 .28 
Loamy sand .12 .10 .08 
Loamy fine sand .24 .20 .16 
Loamy very fine sand .44 .38 .30 
Sandy loam .27 .24 .19 
Fine sandy loam .35 .30 .24 
Very fine sandy loam .47 .41 .33 
Loa.'l! .38 • 34 . 29 

j Silt loam .45 .42 .33 
Silt • 60 .52 .42 
Sandy clay loam .27 .25 .21 
Clay loam .28 .25 .21 

/silty clay J.oam • 37 .32 @ 
Sandy clay .J.4 .13 .).2 
Sil.ty cl.ay .25 .23 .19 
Clay 0.13-0.29. 

The values shown are estimated averages of broad 
ranges of specific-soil. val.ues. When a texture is 
near the borderl.ine of two texture classes, use 
the average of the two K values. 

The evaluator must next consider the shape of the slope in terms of 
length and i-nclination. The appropriate LS factor is obtained from Table 6. 
A nonlinear slope may have to be evaluated as a series of segments, each with 
uniform gradient. Two or three segments should be sufficient for most engi
neered landfills, provided the segments are selected so that they are also 
of equal length (Table 6 can be used, with certain adjustments). Enter 
Table 6 with the total slope length and read LS values corresponding to the 
percent slope of each segment. For three segments, multiply the chart LS 
values for the upper, middle, and lower segments by 0,58, 1.06, and 1.37, 
respectively. The average of the three products is a good estimate of the 
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\ 

\ 

·-'let 
~O~T ~ 'f.l, 

>>"1"• 4.4 

·--~ 

. 2.0 

.?._ G ) 

( 

%Slope 
25 

0.5 0.07 
I 0.09 
2 0.13 

) 0.19 
4 0.23 
5 0.27 

6 0.34 
8 o.so 
10 0.69 

12 0.90 
14 1.2 
16 1.4 

18 1.7 
20 2.0 
25 3.0 

30 4.0 
40 6..J 
50 8.9 

60 12.0 

TABLE 6. VALUES OF THE FACTOR LS FOR SPECIFIC COMBINATIONS OF SLOPE LENGTH AND STEEPNESSll 

Slope length (feet) .f"' 1!, "' fle F r . t'.~IS• : ·:·-,· 
50 75 100 ISO 200 300 400 500 600 

0.08 0.09' 0.10 0.1 I 0.12 0.14 0.15 0.16 0.1•7 0.10 0.12 0.13 0.15 0.16 0.18 0.20 0.21 0.22 0.16 0.19 0.20 0.23 0.25 0.28 0.31 0.33 0.34 '· 
0.23 0.26 ./' 70 :o.J~ 0.35 0.40 0.44 0.47 0.49 0.)0 0.36 0.40 0.47 0.53 0.6.1 0.70 0. 76 0.82 O.JH 0.46 0.54 0.66 f0.76 0.9)1 1.1 1.2 1.3 
0.48 0.58 0.67 0.82 0.95 1.2 1.4 1.5 1.7 0.70 . 0.86 0.99 1.2 1.4 1.7 . 2.0 2.2 2.4 0.97 1.2 1.4 1.7 1.9 2.4 2.7 ).I ).4 
1.3 1.6 ;·~ 2.2 2.6· 3.1 3.6 4.0 4.4 1.6 2.0 2.8 3.3 4.0 4.6 5.1 5.6 2.0 rr.s 2.8 ).51 4.0 4.9 5.1 6.4 7.0 

! 3.0 ,.34 ·-
~.'> 1h 2.4 

~3 4.9 6.0 6.9 7.7 "8.4 2.9 J.S _4.1 S.Q._ 5.8 7.1 8.2 9.1 10.0 4.2 s.H ; •. -·· 8.3 10.0 12.0 13.0 14.0 
.. 

5.6 6.9 8.0 9.7 ~I 1-0 ' 16.0 18.0 20.0 ".14.0 9.0 11.0 13.0 16.0 '18.0 . 22.0 25.0 28.0 J 1.0 13.0 15.0 18.0 22.0 25.0 31.0 . . . . . . 
16.0 20.0 23.0 28.0 . . .. . . . . .. 

j). 1 oF 1 

/. 
~oR. 2. 70 P. 

890- 1000 

0.19 0)0 
0.24 0.26 
0.38 0.40 

0.54 0.51 
0.92 1.0 
1.5 1.7 

1.9 2.1 
2.8 ).I 
).9 4.) 

5.1 5. 7 
6.5 7.3 
8.0 9.0 

9.7 I 1.0 
12.0 p.o. 
17.0 19.0 

23.0· 25.0 . . .. 
. . .. 
. . .. 

V:~!Ucs givt:n for slopes longer than 300 lee! or steeper th~n 18% are exlupolations beyond the range uf the rcse<arch d:ata and, 
lhercforc,les~ c~rt:ain than the others. 

overall effective LS value. If two segments are sufficient, multiply by 0. 7l and l. 29 . 

Factor C in the USLE is the ratio of soil loss from land cropped under 
specified conditions to that from clean·- tilled, continuous fallow. Therefore, C combine's effects of vegetation, crop ·sequence, management, and agri~ 
cultural (as opposed to engineering) erosion-control practices. On landfills, freshly covered and without vegetation or special erosion-reducing procedures of cover placement, C will usually be about unity. Where there is vegetative ·cover or significant amounts of gravel, roots, or plant residues or where cultural practices increase infiltration and reduce runoff velocity, C is much less than ,unity. Estimate C by reference to Table 7 for 
anticipated cover management, but also consider changes that may take place in time. Meadow values are usually most appropriate. See Reference 1 for 
additional guidance. 

Factor P in the USLE is similar to C except that it accounts for addi
tional erosion-reducing effects of land management practices that are super
imposed on the cultural practices, e.g., contouring, terracing, and contour strip-cropping. Approximate val~es of P, related only to slope steepness, 
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TABLE 7. GENERALIZED VALUES OF FACTOR C FOR STATES EAST OF THE ROCKY MOUNTAINsll 

P. Z oF 'f 

Produ~:tivity level . 
Oop. rotlltion, and ma~agement 

Base valu~: conlinuous fallow, tilled up and down slope 
. 

CORN 
C, RdR, fall TP, conv 
C. RdR, spring TP, conv 
C, RdL fall TP, conv 
C, RdR, we seeding, spnng TP. conv 
C, Rdl. standin~. sprin' TP, conv 

C·W·M·M, RdL. TP for C. disk for W 
C-W-M-M-M, RdL, TP for C, disk for W 
C..ntHill pI in c-k sod, 95-80% rc 

COTTON 
Cot, conv (We-stern Plains) 
Cot, conv (Soulh) 

MEAOOW 
@Grass&. L.c:gume mix 

Alfalfa,lespc:dc:z.a or Scrida 
Sweet clover 

SORGHUM, GRAIN (Wcst.ern Plains} 
Rd L spring TP, conv 
Nc:HiU pi in shredded 70-50% rc 

SOYBEANS 
8, Rdl.., spring TP, conv 
C-8, TP annually, conv 
8, no-tW pl 
C-8, no-till pi, fall shred Csta.lks 

WHF.AT 
W-F, fall TP after W 
W·F, stubble mukh, SOO lbs rc 
W-F, stubble mulch, l 000 lbs rc 

Abbreviations defined: 

B ·soybeans F ·fallow 
C -corn 
c-k ·chemically ltillcd 
conv • conventional 

M ·grass &. 1esume hay 
pl ·plant 
W ·wheat 

cot ·cotton we • winter cover 
lbs rc • poundSof crop relid.ue per acre remainins on surface after new crop seedin; ',t, rc ·percentage of soil surface covered by residue mulch ;~.ftcr new crOfl!eCdina: 1~50'k rc • 70~. cover for C values in first column; SO% for second column 
RdR ·residues (corn stover, uiaw, etc.) removed or burned 
Rdl ·all r ... ·siduc:s left on field (on surfaCe or incorporated) 
TP • turn plowed Cupper .5 or more inches of s.oil inverte~. covering residues) 
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Hig.h Mod. 

(" valur 

1.00 1.00 

0.54 0.62 
.so .59 
.4 2 .52 
.40 .49 
.38 .48 

.039 .074 

.032 .061 

.017 .053 

0.42 0.49 
.34 .40 

../ 0.004 (§) 
.020 
.025 . 

0.43 0.5) 
.II .18 

0.4U 0.54 
.43 .5 I 
.22 .28 
.18 .22 

0.38 
.32 
.21 



are listed in Table 8. These values are based on rather limited field data, but P has a narrower range of possible·values than the other five factors. 

TABLE 8 VALUES OF FACTOR p 11 

Lan4 slope (pCrcent) 
Practice 1.1·2 ~ 7.!-12 12. J.l8 18.1-24 

(Factor P) 

. ContourinJ? (Pc.·l 0.60 .0.50. 0.60 0.80 0.90 
Contour strip cropping {P5,) 

R·R·M·M' 0.30 0.25 0.30 0.40 0.45 R·W·M·M 0.30 0.25 0.)0 0.40 0.45 R·R·W·M 0.45 0.38 0.45 0.60 0.68 R·W 0.52 0.44 0.52 0.70 0.90 R·O 0.60 0.50 0.60 0.80 0.90 
Contour listing or ridge planting: 
(Pel) 

0.30 0.25 0.30 0.40 0.45 
Contour terracin~ <P,)2 3 0.6M 0.5/Vn o.6!Vn 0.8/Vn 0.91-/r1 

~ No support 11rac.:ticc _,,..-/ 

··---
1.0 ® I 

1.0 1.0 1.0 

1 R = rowcrop, W = fall-~ccded grain, 0 = sprini·seeded gr:~in. M =meadow. The crops are grown in rotation and so arritng.ed on I he field that rowcrop strips are always separated by a meadow or winter·grain strip. 2 These P1 values estimate the amount of soil eroded to the terrace channels and ate used for conservation planning. for prediction of off.ncld sediment, the P1 Vd!Ucs ur multiplied by 0.2. · 3 n =number of approximately equal-length intervals intO which the field slope iS divided by the terraces. Tdlage operations must be parallel to the terraces. 

Example: An owner/operator proposes to close one section of his small landfill with a sandy clay subsoil cover having the surface configuration shown in Fig-ure 21. The factor R has been established as 200 for this locality. The evaluator questions anticipated erosion along the steep side and assigns the following values to the other factors in the USLE after inspecting Tables 5 through 8: 

K = 0.14 LS = 8.3 c = 1.00 p = 0.90 

The rate of erosion for the steep slope of the landfill is calculated as follows: 

A= 200 (0.14 tons/acre) (8.3) (1.00) (0.90) 
= 209 tons/acre 

This erosion not only exceeds a limit recommended by the permitting authority but also indicates a poten.tial 
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i_,TERGRAPH InRoads 
PRJ: American Steel Foundries 
I te: 12/4/92 
I Ron Brys 

ALG: 

*** FENCE ACTIVE *** 

original ground ( orginal.ttn ) 

PAGE: 1 

Original Surface: 0 
Design Surface: 5 top of final cover at elevation 1142 ( newfc2.ttn ) 

Volume Factors: OFF 

Cut Volume: 
Fill Volume: 
Net Volume: 

- 5r00I{_$ 

• ,''~,1~! (3E tA!e-""']) 1--.J 11-it.:- ;::',rJA~ 

('o ve7'l 

(.10 (.." 5.5 {HJ~I(_ 

so~~ 5 

iZ '/73 
' 



volumes inside the limits of waste with the new final cover 
INTERGRAPH InRoads PAGE: 1 
~: American Steel Fnd. 
Lte: Dec. 14, 1992 

I Ron Brys 

ALG: 

*** FENCE ACTIVE *** 

0rigina1 Surface: 0 
Design Surface: 1 

[origina1.ttn] original ground 
[newfc2.ttn] new final cover 

Volume Factors: OFF 

Cut Volume: 
Fill Volume: 
Net Volume: 

14.573.902 
66,527.759 

-61,953.857 

CU YD 
CU YD 
CU YD 



.ile: newspoil.vol 
INTERGRAPH InRoads 

iU: American Steel Foundries ALG: 
ate: 12/3/92 

By: ~on Brys 

PAGE: 1 

nes iption: volume of spoil pile (exist gnd) to top of final cover 

*** FENCE ACTIVE *** 

Jriginal Surface: 0 
Design Surface: 5 

(original.ttn) original ground 
(newfc.ttn) new final cover 

Volume Factors: OFF 

Cut Volume: 
Fill Volume: 

Net Volume: 

ll2,473.241 CU YDjJ 
192.497 CU YD 

12,280.744 CU YD 
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Sehemetlc ol 
Unteet_IKI Spedmen 

Typea of Breaks 

~?"·Center Bead 

-- l c::= 
7@1} 

::=~!1/!,.,~=== c::::::= ' 

·~= 

·~ 

a FTB .. Fi{m - Tear Boro. 

Loeua·of- B raak 
Coda 

AD1 

AD2 

AD·WLD 

SE1 

SE2 

SEJ 

BRK1 

BRK2 

AD-BRK 

HT 

Break 
Daacrlptton 

Failure in lidllosOn. Specimena 
may else de~mina:ie under the 
bud and ble.ak through the thin 
extruded material in the outer area. 

Br .. k through the filial. Breaks 
thro~t,.thelillet range from. 
bfaaks s1arting at the edge of 
the top ahut to breaks through 
the li!Mtt attar aome adheaion 
failure Ntween the fillet and 
the boflom sheet. 

Break .If aNm edQe in the b:lttom 
sheet. Specimena may btuk any• 
wheralrom the bead/outer area 
e-dge to the oU1er arulbvffed area 
edge. (Applicable to shear only). 
Break at seam edge in the top 
sh .. l. Sp.c;imens m.y break any· 
where from bud/atner area edge 
to the outer arn/oulted area 
edge. 

Bruk at seam edge in the bonom 
sheet. (Appfu:able to peat only). 

Break in the bollom sheeting. A 
·a~ in parenthues following the 
coda means the spocimen broke 
in the butfed area. {Applicable 
to shear only). 

Break in the top shuting. A ·a· in parenthuos following 
the oode means the spQ.Ciman 
broke in the"tliJHed area. 

Break in the bottom shnting 
ahar soma adhesion failure 
Ntwaen the fillet and the bot1om 
sheet. (Applicable to pnl only). 

Break at the ~e olthe 
hot tack lor specimens which 
coukl not be delaminated in 
thfot hot tad!.. 

bAcceptance of AD-WLD breaks may depend on whether lest values meet a minirrum specification valle and not on cJassific.alion as a FTB or non·FTB break. 

Claaalflcatlon• 

Non-FTB 

Non-FTB 

Non·FTBb 

FTB 

FTB 

FTB 

FTB 

FTB 

FTB 

No Test 

Locus-of-break codes for fillet-extrusion weld seams in semi-crystalline FML's tested for seam strength in shear and peel modes. 

FIGURE A-4 

A9 



[ 

Schematic of 
Untested Specimen 

c::;ld ~ ~op Sheet 

c Bottom Sheet 
Direction of Initial Peel 

Types of Break 
Locus-of-Break 

Code 
Break 

Description Classification a 

c::::::::= : 
AD Adhesion failure. Non-FTB 

§?S BRK 
Break in sheeting. Break 

C=:J can be in either top or FTB c:::::== bottom sheet:. 

~ 
Break at outer edge ol 

SE1 seam. Break can be . 
in either top or bottom FTB ~ sheet. 

~ p Break at inner edge of 
SE2 seam through both FTB 

sheets. 

0 
Break in first seam 

§? 
AD·BRK 

after some adhesion 

c:::::::= failure. Break can ba FTB 
in either the top or 
bottom sheet. 

a FTB • Film • Tear Bond 
NOT TO SCALE 

Locus-of-break codes for dual hot-wedge seams in semicrystalline F.ML's 
tested for seam strength in shear and peel modes. In cases where the 
Weld A fails in adhesion in a peel test, it is recommended that the test 
be stopped, that the specimen be replaced in the testing machine, and 
that Weld B be tested by peeling in the direction opposite to that used 
to Weld A. 

FIGURE A-6 

All 
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Appendix I 

GUIDELINES FOR FIELD NOTES 

A checklist of information will be included in the field notes for sampling is as 

1. Client and Project Name 

2. Job number - Be sure this is the correct number. It should be obtained 
from the trip coordinator or the project manager. 

3. Sample no. and type- Name of sample location, e.g., MW-1/water, 
Production Well-2/water, sludge basin/waste, Johnson/Private well, etc. 

4. Date - Date work was performed. 

5. Name(s) of sampler - Do not use initials. 

6. Well Diameter - Inside diameter of well. 

7. Time- Time work at sample location was started. State A.M. or P.M. 

8. Depth to water and ref. point - This measurement should always be taken 
from the top of the well, not from the protective casing. Measurements 
recorded should be as follows: 10.21 feet+ 0.00 feet T/PVC if an electric 
water level indicator is used, and 1 0.21 feet + 0.17 feet T /PVC if a 
plopper tape is used. Lengths of ploppers vary, so you must measure it 
before each field trip. II the well is PVC and the pipe is cut on a slant, the 
measurement should be taken from the highest point. 

9. Depth to bottom of well - This measurement should be taken in the same 
manner as depth to water. A nylon-coated steel tape with plopper will be 
used to measure depth to bottom. The lead and plopper length must be 
added to all depth to bottom measurements. 

1 0. Water elevation - The depth to water and plop per length should be added 
together, and the calculated water elevation should be written here in red. 
This should be done when summarizing notes alter the field trip. 

11. Total Volume removed - Record the actual amount of water purged from 
the well in gallons. A pail calibrated in gallons and quarts will be used. 
Please note: This is the ACTUAL volume removed not the calculated 
volume. 
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12. Method- Note the device used to purge, i.e., bailer, submersible pump. If 
a well goes dry, it should be noted as follows: Bailed dry at 3.5 gal. 

13. Odor - Wave your hand over the top of the bucket and note any smell. 
Do not smell the sample directly. 

14. Color - Note actual color of purged water. 

15. Turbidity - Report as slight, moderate, or very. 

16. Comments - Record such things as sheens on water, unusual amounts of 
sediment present, and/or other out-of-the-ordinary observations. 

17. Date - The date recorded should be the date the sample was collected. 
The exception would be extremely slow recovering wells that might take 
longer than 24 hours. 

18. Time -Time sample collection started. Please note A.M. or P.M. 

19. Odor - Use same procedure as in Step 13. 

20. Color - Use same procedure as in Step 14. 

21. Turbidity - Use same procedure as in Step 15. 

22. Comments - Use same procedure as in Step 16. 

23. Q!j - This measurement must be performed immediately after sample is 
collected. pH should be recorded to nearest 0.1 pH unit. Four readings 
should be taken as follows: 

a) Place electrode in sample. 

b) Let meter stabilize and take reading. 

c) Shut meter off, and remove electrode from sample. 

d) Rinse electrode. 

e) Repeat A through D until 4 readings have been recorded. 

24. Specific conductance - This measurement must also be performed 
immediately after sample is collected but before pH. Meter should be 
read to the nearest 5 umhos. Four readings should be obtained using 
the same procedures as noted for pH in Step 23. 

25. Temperature -Temperature of the sample must also be taken immediately 
after the sample is collected and should be recorded to the nearest 0.5'. 
A Celsius thermometer should be used. 
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26-27. Average -These numbers are calculated after the fieldwork has been 
completed and should be written in red. pH is the average of four 
readings, and specific conductance is also the average of four readings, 
converted to 25"C and reported to the nearest 1 0 I-' mhos. 

28. Time - The time the filtration procedure is started should be recorded. 
Note A.M. or P.M. 

29. Odor - Same procedure as in Step 13. 

30. Color - Same procedure as in Step 1 4. 

31. Turbidity - Same procedure as in Step 1 5. 

32. Comments - Notes relating to filtration difficulty. If a sample takes an 
unusually long time to filter, the length of time should be noted here. 
Also, any observations made, other than odor, color, and turbidity, should 
be noted here. 

33. Bottles Filled - This section is intended to serve as an inventory of the 
bottles filled. It should be filled out completely and accurately after the 
bottles have been filled and before being placed in cooler. Abbreviations 
should not be used. 

34. Chain-of-custody number -This number is found in the upper right-hand 
corner of the chain-of-custody form. 

35. Date shipped - Record the date the samples are shipped to the 
laboratory. If they are not shipped, record the date on which they are 
given to the laboratory. 

36. Method - Record the name of the shipping used e.g., Fed Ex., Airborne. 
If the samples are not shipped and you transport them via vehicle, please 
note this. 

37. Airbill number - Record the airbill number found on the shipping form. If 
the samples are not shipped, place a line here. 

38. Signed - The signature should be of the sampler or the field QA/QC 
designee. 

39. Date - The date the log is signed should be recorded here. 

40. QC'd by -The signature of the sampling QC/QA officer should be 
recorded here. 

41. Date - The date on which the sampling QAJQC officer signs the logs 
should be recorded here. 
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42. Page - When all of the field notes are assembled, number the pages. 

A title page for all field jobs should be attached to the field notes. It should 
consist of the project name and number, the location of the project, the dates on 
which the fieldwork was performed, the purpose of the fieldwork, name of person 
performing the fieldwork, and a short description of the weather conditions. 



CLIENT: 

JOB NUMBER: 

MODEL: 

Meter Check 

MODEL· 

Instrument Zero 

. 

pH AND CONDUCTIVITY METER 
CALIBRATION LOG 

Page __ ol __ 

DATE:----------------

SAMPLER: ---------------------

pH Meter 

SERIAL NO .. 

Buffer Check Slope Reading Time 

Conductivity Meter 

SERIAL NO· .. 

Reading of Temp. of Corrected 
Red Line Calibration Soln Calibration Soln Cond.@ 25°C Time 

. 

Problems/Corrective Actions: 

NOTE: METER CHECKS AND CALIBRATIONS MUST BE PERFORMED A MINIMUM OF 4 X/DAY. 

Signed Date OC'd By Date 

pHcond 6/91 



FIELD DATA FORM QC'dby ___ _ 

CLIENT: 
PROJECT#: 

SAMPLE DATE: 
SAMPLE COLLECTOR: ---------

LOCATION: TODAYSDATE: -------------------

---- -·--- -- ---

- ELEVATION 

SAMPLE SAMPLE CONDUCTIVITY DEPTH TO WATER ELEV ODOR COLOR TURBIDITY 

POINT Eh* TEMP. ('C) pH (25'C) WATER (FT)* (MSL) (UNFILTERED) (FILTERED) (UNFILTERED) 

* This information is site specific. Contact Hydrogeologic Field Services Coordinator for applicability. 

F-263 (5/91) 
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~'N' 

-.rL,. 
LABORATORIES 
F-268 !R2/881 
fUse Black Ink Only) 

Bottles Prepar&d by: 

Project Nu. 

RMT Yr. __ 

Lab NO. 08!6 

SAMPLER 
Relinquished by (Sig.) 

CD 

Relinquished by I Sig.) 

@ 

Reiinlluished by (Sig.J 

® 

Madison, vvl 53711 

744 Heartland Trail 

Phone (608) 831-4444 
FAX (608) 831-7530 

t:.anta Momca, CA 

Allan!a, GA 

Baton Rouge, LA 
Troy, Ml 

CHAIN OF CUSTODY RECORD 
Dale/Tirne 0 ffice Code: 

I II Stale/ 

Clienl: 

Time Sample Station 10 

. 

Date/Time Recelv&d by ISig.J 

I 
® 
9llppet Name & fl 

Date/Time Received by ISig.J 

I ® 
Shipper Name & I 

Date/Time Received by (Sig.l 

I ® 
Shipper Name & 11 

Seal H al'clld Uy o Recvd. Intact by o Seal# 
-- ------ ------

~ 

!? 
0 
z 
o; 
0 ,_ 

Grana Ledge, tV11 

Nashville, TN 

~ 

~ 
c 

lireenville, ~G 

Schaumburg, IL 

Dublin, OH 

Waukesha, WI 

Sa~le Type: IGW, WW, SW, Soil, Other) N~ 032010 
/ / / / / / / / Filtered t Y&a/No) 

/ / / / / / / / Preserv&d !Codal 

,-' / / / / / / / / Ref,.geratod IYes/Nol 
,o 

.~ 

~"' 4b"" Code: A ~ None 

§ i'" B • HN03 
~' c 

0 c..P C & H 2 S04 
0 

0 
0 8 NaOH 
E • 

Comments: ----

Date/Time 
HAZARDS ASSOCIATED WITH SAMPLES 

I 
Date /Tlme 

I !For Lab U•e Only) 

R&celpl Temp Rectupl pH 
Dale/Time 

Cliont P.O. Number 

I Subsequent Analysis: !Chock I 

al'chd by O Recvd. Iniac! by OJ Date Resubmitted 

-------

j 
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QUALITY ASSURANCE MANUAL 
RMT LABORATORY 

"-1. . .1. J,. '-{l"U.l 

Section No. 0.0 
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Date: July 1, 1989 
Page 1 of 8 

Approved for Issue: 

~,_)¥u,~ 
Jni. !Reinhardt 
Senior Vice President 
Operations 

COPY NO. 
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Section No. 0.0 
Revision No. 1 
Date: July l, 1989 
Page 2 of 8 

STATEMENT OF MANAGEMENT POSITION 

RMT, Inc., is committed to producing analytical work of the highest quality 

to meet the needs of their clients and to assist in complying with all regulatory 

requirements. 

This manual shall serve as a statement of the Company's quality assurance 

policies. Adherence to the procedures listed in this manual shall be the 

responsibility of all RMT Laboratory employees. Laboratory management shall be 

responsible for seeing that the principles and practices outlined in the manual 

are followed. 

20.96:LAB:QAmanual 

R. Alan Doughty 
Laboratory Director 
August 1, 1988 
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The purpose of the RMT Laboratory Quality Assurance Program is to 

verify that analytical data provided by the laboratory are of good 

quality and meet all pertinent regulatory requirements. This requires a 

comprehensive program which controls: 

Sample collection 

Sample receipt 

Sample handling 

Sample log-in 

Sample preservation 

Sample processing 

Sample analysis 

Equipment maintenance 

Equipment calibration 

Data calculation 

Data reporting 

Records maintenance 

Data review 

• Management responsibilities 

This manual is intended to be a summary of the quality assurance 

procedures used in this laboratory. 
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The goal of any laboratory quality assurance program is the 

production of laboratory data of known quality. This requires a 

comprehensive and effective quality control program to measure and 

verify laboratory performance, and the use of approved or proven methods 

to produce data that is accurate, precise, and complete. In addition, 

the system must identify factors which adversely affect quality and 

provide for corrective action where required. The system must also 

provide for the maintenance of records relating to sample submittal and 

the production of laboratory data. 

Specifically, the quality assurance program must address the 

following topics: 

Specifications for supplies and instrumentation 

Sample receipt, chain-of-custody forms and sample storage 

Sources of laboratory methods 

Instrument calibration and preventive maintenance 

Statistical analysis of quality control data 

Data validation and reporting 

Laboratory records 

Corrective action 

Staff training 

Laboratory audits 

1. 2 QUALITY ASSUR.ANCE DOCUMENTS 

There are several types of quality assurance documents. 

The Quality Assurance Manual provides the overall policy for 
the laboratory. 

Standard Operating 
instructions outlining 
the laboratory. 
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Project Specific Manuals may be prepared where a project 
requires unique or different quality assurance requirements or 
when they are required by regulatory agencies. These 
documents are frequently called Quality Assurance Project 
Plans (QAPP's). 

1. 3 DOCUMENT CONTROL 

All of the Quality Assurance Documents listed above shall be 

approved and controlled documents as spelled out in this paragraph. The 

Quality Assurance Manual shall require the approvals of the Senior Vice 

President - Operations and the Laboratory Director before changes are 

issued. SOP's shall be approved by the Laboratory Director. QAPP's 

require the approval of the Project Manager. These documents shall be 

signed and dated by these responsible individuals before issuance. 

The Quality Assurance Manual and the SOP's shall be numbered, and 

distribution lists shall be maintained so that all appropriate 

individuals receive updates. Revisions shall require the same signature 

levels as the originals and shall be consecutively numbered. All 

revisions shall be accompanied by a receipt which shall be signed and 

returned to signify that the revision has been received and placed in 

the proper location. 

Unnumbered copies of quality assurance documents may be issued to 

parties outside of RMT, Inc. Where required, a numbered copy may be 

issued to parties outside of the Company. This numbered copy shall be 

updated the same as internal copies but. must be returned to RMT, Inc. 

when the need for the document no longer exists. 
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2.0 LABORATORY ORGANIZATION 

This section outlines the quality assurance responsibilities of the 

laboratory staff. 

2.1 QUALITY ASSURANCE RESPONSIBILITIES 

The quality assurance responsibilities of the RMT staff are listed 

below: 

The Laboratory Director: 

Reports directly to the Senior Vice President 
Operations at RMT, Inc. 

Is responsible for the proper functioning of the Quality 
Assurance Program within the laboratory. 

Issues laboratory reports. 

Maintain's the current laboratory organization chart. 

Is responsible for laboratory participation in 
interlaboratory proficiency programs. 

Is responsible for laboratory certification 

The Operations Manager: 

Serves as designate for Laboratory Director when he is 
absent. 

Organizes work and ensures its timely completion. 

Monitors laboratory expenses. 

Oversees sample log-in and documentation, sample storage, 
and sample disposal. 

The Inorganic and Organic Supervisors: 

Provide technical overview of the inorganic and organic 
groups. 

Are responsible for training and continuing compliance of 
analysts with methods, standard operating procedures, and 
quality assurance requirements. 

Serve as technical specialists to adapt methods in areas 
of new or unique technologies. 
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Review the work of Group Leaders. 
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Serve as technical specialists and consultant in areas of 
software used in the inorganic and organic groups. 

Define the preventive maintenance and calibration 
programs for laboratory instrumentation. 

Establish standards for laboratory supplies, chemicais, 
and standards. 

Review and approve R~T and subcontractor data. 

The Quality Control Coordinator: 

Performs statistical analysis on quality control data. 

Reviews statistical data from laboratory quality control 
samples. 

Maintains round-robin quality control programs and 
results. 

Reviews nonconformance reports. 

~aintains extensive records and archives of quality 
assurance data. 

Is responsible for assuring the documentation and 
resolution of nonconformances. 

Stops production of laboratory data when quality control 
data demonstrate significant trend problems. 

Conducts a monthly laboratory quality assurance audit. 

Establishes a laboratory quality assurance training 
program. 

Reports to the Laboratory Director on the status of 
quality control program and audit results. 

Recommends methods, standard. operating procedures, and 
quality control procedures to the Laboratory Director, 
Project Managers, and Client Services. 

The Group Leaders: 

Report to the appropriate Group Supervisor. 

Serve as lead analyst within their service group. 

Review data generated by their staff, 
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Are responsible for instrument performance, calibration, 
and preventive maintenance. 

Take an active role in cross-training. 

Report out-of-control situations to the Quality Control 
Coordinator by completing nonconformance reports. 

Maintain adequate and 
laboratory supplies. 

appropriate 

The Analysts/Sample Preparation Personnel: 

quantities of 

Perform methods, data recording and data validation using 
prescribed methods. 

Report out-of-control situations and nonconformances to 
the Group Leader or Supervisor. 

The Client Services Coordinator: 

Organizes incoming projects. 

Resolves problems with internal RMT clients. 
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3.0 STANDARD LABORATORY PRACTICES 

There are many laboratory functions that need to be controlled 

before and after analysis to produce good quality data. These 

functions, along with the actual analysis, comprise the daily Quality 

Assurance Program. 

It must be recognized that each quality function is, to some 

extent, dependent on those which preceded it. This means that each 

quality function ~:~ust be controlled or specified, and verification of 

the steps taken must be documented. 

This section summarizes those quality functions which are discussed 

in more detail in Sections 4.0 trough 13.0. 

3.1 MATERIAL PROCUREMENT 

The grades of chemicals, solvents, gases, and water shall be 

specified and verified. The tolerances and types of glassware shall be 

specified, as well as the procedures to be used in cleaning glassware. 

All reagents shall be dated when received and when opened. All 

reference standards shall be marked with a lot number, dated and have 

purity specified. 

3. 2 SAMPLE RECEIPT 

The following steps shall be taken by the Sample Coordinator when 

samples arrive in the laboratory: 

Case seals and sample seals shall be examined for integrity. 

Samples shall be examined for proper labels, damage, proper 
preservatives and temperature, and compared to the chain-of
custody. 

The chain-of-custody form shall be signed. 
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be stored under the proper environmental 
their location and condition shall be noted in 
log. 

Samples shall be entered into the Laboratory LIMS System. 

A Sample Acknowledgment Form shall be filled out and sent to 
the project manager. 

Supervisors shall be notified of the arrival of the samples. 

3.3 INSTRUMENT CALIBRATION AND PREVENTIVE MAINTENANCE 

Calibration may be against either national standards (for 

ins t rurnents which measure parameters such as mass, time, and 

temperature) or against chemicals of known composition and 

concentration. It may be daily as part of instrument usage or at 

specified calendar periods such as quarterly or yearly. Detailed 

procedures can be found in Section No. 6.0 of this manual. 

Preventive maintenance involves scheduling regular service for 

instruments, maintaining an adequate inventory of spare parts, and 

keeping instrument log books so that the performance of an instrument 

over time can be assessed. See Section No. 7.0 for details of this 

program. 

3.4 ANALYTICAL PROCEDURES 

The analyst shall verify that sample holding times (see Section No. 

5.0) and sample storage requirements have been met, and that analysis is 

by approved methods or by methods specifled by the client. Otherwise, 

the data shall be qualified. 
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The quality of chemicals, reagents, sol vents, gases, water and 

glassware shall be specified so that their effect on analytical results 

can be considered. Materials purchased by the RMT Laboratory shall meet 

the requirements listed below, or shall be specified in the analytical 

method. Group Supervisors shall be responsible for checking that all 

materials received meet these specifications. 

4.1- SPECIFICATIONS FOR CHEMICALS, REAGENTS, SOLVENTS AND GASES 

A variety of grades of purity, ranging from technical grade to 

ultrapure grades a•e available. The grade of materials to be used shall 

be listed in the method in most cases. If the grade is not specified, 

than analytical reagent grade (AR) shall be used. In addition, lot 

numbers, purity, and date of purchase shall be noted. 

4.1.1 Vet Chemistry 

For most of this work, AR grade reagents and solvents are of 

sufficient purity. Volumetric solutions shall be standardized against 

primary standards whenever possible. Methods shall specify reagents 

requiring frequent or unusual standardization. 

4.1.2 Trace Metals Analysis 

Reagents, solvents, and standards shall be spectro-quality. 

Purchased standards meeting method requirements may be used. Commercial 

grade fuel and oxidant gases are adequate for atomic absorption 

spectrophotometry. 
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The following criteria are required for cryogenic argon and 

nitrogen. 

Argon Nitrogen 

Purity 99.9967. 99.9997. 
Oxygen < 5 ppm < 5 ppm 
Hydrogen < 1 ppm 
Nitrogen < 20 ppm 
Hydrocarbons < 1 ppm 
Water < 4 ppm < 5 ppm 

4.1.3 Trace Organics Analysis 

·Reagents, solvents, and standards shall be pesticide grade 

(nanograde), and free of interferences for the specific method for which 

they are being utilized. Absorbents shall be activated as specified in 

the method and checked for possible interferences. All analytical 

reagents and solvents shall be routinely checked. 

4.1.4 Vater 

ASTM Type II deionized water (maximum electrical conductivity at 

zs•c of 1.0 umho/cm, or minimum electrical resistivity at zs•c of 1.0 M 

ohm/em) shall be used for preparing and diluting solutions and for the 

final rinsing of glassware. The water quality shall be measured and 

recorded in a log book daily. For trace organic work, water with low 

organic background may be necessary. Commercially available distilled 

water has been found to be satisfactory for this use. 

4.1.5 Compressed Air 

Compressed air shall be free of oil, water, and dirt. Appropriate 

filters shall be used if the air is produced in the laboratory. 

Purchased air shall be high quality, dry grade. 
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The composition and tolerances of containers used in the laboratory 

can affect analytical results. 

4.2.1 Composition of Containers 

Chemically resistant borosilicate glass (Pyrex, Kimax) is 

recommended for general use in the laboratory. Plastic containers may 

be suitable for some uses. Disposable glassware is acceptable for many 

analyses. Inorganics reagents and standard solutions shall be stored in 

borosilicate or linear polyethylene bottles. Organic reagents and 

standard solutions shall be stored in borosilicate bottles. Dilute 

metal standards shall be prepared at time of use since they may plate 

out on the surface of the container. Standard solutions of silica, 

boron, and alkali metals shall be stored in polyethylene bottles. 

4.2.2. Specifications for Volumetric Glassware 

Volumetric flasks, pipets, and burets shall be Class A unless a 

less accurate grade is specifically permitted by the method. 

4.3 STORAGE OF CHEMICALS, REAGENTS, AND SOLVENTS 

Chemicals, reagents, and sol vents shall be stored in accordance 

with manufacturer's recommendations. Light-sensitive materials shall be 

kept in amber bottles in the dark. Organic reference and reagent 

standards material shall be stored at or below 4•c. Standards shall be 

stored separately from samples. When fresh standard solutions are 

prepared, they shall be checked against the old standard or a standard 
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reference material. All reagents shall be dated when received and 

opened. All prepared reagents shall be labeled with concentration, 

chemical name(s), date, and analyst's name. 

4.4 CLEANING OF GLASSWARE 

Water soluble material can be removed with hot or cold water and 

rinsed with Type II deionized water. Detergents, acids, or organic 

solvents may be required for other substances. The analysts shall rinse 

their glassware immediately after use to make cleaning easier. SOP's 

for cleaning glassware shall be maintained in the organic and inorganic 

area. Glassware will be segregated and not exchanged between wet 

chemistry, metals and organics. 
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5.0 SAMPLE RECEIPT, ANALYSIS, STORAGE, AND DISPOSAL 

A representative sample must be collected, preserved, and properly shipped 

to the laboratory before sample analyses can begin. Quality data requires that 

both the field and the laboratory work be completed properly so that the data 

is representative of the sample location. Samples for analyses with short 

holding times should be shipped by overnight express. 

5.1 FIELD COLLECTION AND SHIPPING 

For proper containers and preservatives to be available, it is necessary 

that the collection team know what analyses are going to be required for the 

samples. A Field Bottle Request Form (Figure 5-l) must be filled out and 

submitted to Bottle Preparation in the laboratory giving the bottle type and 

number needed. 

Field personnel must completely fill out the Chain-of-Custody Forms (Figure 

5-2) and Laboratory Services Request Forms (Figures 5-S and 5-6), and label all 

samples. Samples must be placed in the proper containers with preservatives 

where required (see Table 5-l and 5-2). Holding times must be considered during 

project planning. and when preparing samples for shipment to the laboratory. The 

requirements of 49 CFR, Parts 100-177 need to be met when shipping hazardous. 

materials. 

Shipping containers should be sealed with custody tape or seals before 

shipping. If shipping is by commercial carrier, the Chain-of-Custody Form should 

be enclosed in the shipping container. When possible, field personnel should 

notify the laboratory Client Services Coordinator of the shipment and the 

estimated time of arrival. 
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The Laboratory Services Request Form shall be completed by project 

management or field personnel, and a copy of the form must accompany samples 

delivered to the laboratory. This is critical if holding times are to be met. 

Unusual detection limits or additional quality control shall be specified on the 

Laboratory Services Request Form which shall take precedence over this QAManual 

if they conflict. Any suspected or known hazards for the samples shall be 

indicated. 

5.2 CHAIN-OF-CUSTODY (See Figure 5-4) 

It is extremely important to be able to demonstrate that the samples 

analyzed came from the stated locations and reached the laboratory witho~t 

alteration. A Chain-of-Custody Form (Figure 5-2) serves as documentation of 

sample collection and shipment as well as laboratory receipt, custody, and 

disposal. A sample is considered to be in custody if it is in one's possession, 

is locked or sealed during shipment, or is in a secure area limited to authorized 

personnel. The Chain-of-Custody Form must be signed by everyone who has the 

samples in their possession. 

The field sampling team initiates the Chain-of-Custody Form at the time of 

sampling by listing the sampling station I.D., project number, client name, date,. 

time, and sampler. If the sample taker does not deliver the samples to the 

laboratory personally, then the first Relinquished By _____ , Received By ____ , 

is completed in the field. The person delivering the samples to the laboratory, 

or to a commercial carrier, will sign the form as Relinquished By ______ _ 

The use of a commercial carrier requires that the Chain-of-Custody Form be 

sealed in a watertight container, placed in the shipping container and the 

shipping container be sealed prior to delivery to the commercial carrier. The 
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waybill of the carrier serves as an extension of the Chain-of-Custody Form 

between the field and the laboratory. 

Upon arrival at the laboratory, the shipping container shall be opened in 

the sample log-in area, the contents shall be checked against the Chain-of-

Custody Form, any discrepancies shall be noted on the Chain-of-Custody and Sample 

Acknowledgment Forms, and the Forms shall be signed and dated. Project personnel 

shall be notified immediately of any discrepancies, and the samples segregated 

and held until the problem is resolved. The Laboratory shall not be responsible 

for meeting hold times on these types of problem samples. A Non-conformance Form 

shall be used to document actions taken to resolve problems with incoming 

samples. 

5.3 SAMPLE RECEIPT AND TESTING 

Samples shall be logged in as soon as possible after receipt. If samples 

arrive during non-business hours, they shall be logged in the next business day. 

Upon sample receipt, the sample custodian, or representative, shall: 

Remove the samples from the cooler and group them together according 
to sample point. 

Check the temperature of a representative sample from each cooler, 
using an unpreserved portion (do not use a purgeable organic sample).· 
Care shall be taken to avoid cross-contamination. 

NOTE: All ground water and wastewater samples shall be iced upon 
collection and shipped with adequate ice to maintain a temperature 
of 4•c ± z•c until received at the laboratory. 

Occasionally samples received from ·nearby sites have not had 
sufficient time to cool down to 4•c ± 2•c. In those cases, the 
sample entry staff shall measure the actual temperature, log in the 
samples, and place them in the refrigerator immediately. If the 
samples were properly iced, then the Chain-of-Custody Form shall 
indicate the temperatures are acceptable. 

Check the pH of all preserved samples, with the exception of 
purgeable organic samples. Preservative shall be added if not within 
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the required range (see Sample Bottle and Preservation Requirements 
list). 

Using black ink only, fill in the following information on the Chain
of-Custody Form: 

a) Signature and date received 
b) pH 
c) Temperature 
d) Broken bottles 
e) Missing bottles 
f) Empty bottles 
g) Samples with low volume 
h) Samples requiring additional preservative 
i) Anything out of the ordinary 

Assign numbers to the samples. Numbers shall be assigned 
consecutively. The sample numbers shall be written on the bottles 
and on the Chain-of-Custody Form. Care shall be taken to associate 
the proper bottles with the proper sample number via the sample point 
description on the Chain-of-Custody Form and bottle label. The 
sample numbers and client information shall be entered into the 
Refrigerator Sample Tracking System log book (Figure 5-3). The 
bottle types shall be recorded in the grid section. 

Review the work order for tests which have a short hold time. 
Conductivity and pH shall be run by the Laboratory personnel. Other 
tests may need to be subcontracted the day the samples are received 
(e.g., BOD). Supervisors shall be notified of any tests other than 
those above for which there is a short hold time. 

Initiate a Sample Receipt Acknowledgment form listing the submitter, 
the project name, the date the samples were received, the report 
target date, the sample numbers, and the test description. 

Paperclip the Sample Receipt Acknowledgment form to the Chain-of
Custody form and work order. 

If discrepancies are found, or broken bottles, the samples shall be 
segregated and held and project personnel notified immediately. 

Samples requiring refrigeration shall be· placed in the appropriate 
refrigerators on the proper shelves, as indicated by preservative 
type. Client !D's and sample numb'ers shall be listed on the 
Refrigerator Log (Figure 5-3). 

Solid wastes not requiring refrigeration shall be placed in the solid 
waste storage bins. The Bin Log shall be used to record the samples 
and the bin into which they are placed. Cross reference the bin 
number with the sample tracking system logbook. 
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The Group Supervisors or Operations Manager shall be responsible for 
prioritizing work to assure that holding times and project 
commitments are met. 

Multipart Chain-of-custody forms may be utilized so that a copy stays with 

the sample taker. 

5.4 SAMPLE STORAGE 

The primary considerations for sample storage are proper temperature 

(usually 4•G) and the completion of extraction and analysis within specified hold 

times. Sample receiving personnel have the primary responsibility for seeing 

that samples are placed in the proper environment. They also are responsible 

for notifying the Organic or Inorganic Group Supervisors of any samples that must 

be analyzed immediately if hold times are to be met. 

5.5 SAMPLE DISPOSAL 

Samples may be completely consumed during analysis, returned to the client 

or sampling location, stored under required environmental conditions if re-

analysis is anticipated or under ambient conditions if re-analysis is not likely, 

or disposed by the laboratory. Samples and extracts shall usually be disposed 

within sixty days unless otherwise specified. 

The Laboratory Director, or his designee, shall determine the method and 

time for disposal if not specified by the Project Manager. 

Some waste may be disposed of in a sanitary ·sewer as permitted by 40 CFR 

261.3(a)(2)(iv). Some samples may be hazardous because of their general 

characteristics or because they are listed in 40 CFR Part 261. Shipping of these 

materials is addressed in 40 CFR 172.02, 172.03, 172.04, 172.300 and 172.400. 
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A written procedure for the disposal of laboratory wastes shall be 

maintained in the laboratory. 
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FIELD BOTTLE REQUEST FORM DATE REQUESTED: 

CLIENT: 
l'ROJECT #; 
SAMPLE COLLECTOR: 
SAMPLE DATE: _____ SAMPLE TYPE: ___ _ 

BOTTLES REQUESTED 

SAMPLE POINT(S)* 

PARAMETERS 

# SIZE TYPE PRESERVATIVE 

I 

REQUESTOR: 

PREPARED BY: 
CHECKED BY: 
DATE PREPARED: 

SPECIAL INSTRUCTIONS 

.. 

. 

Packing or Shipping Instructions: ----------------------------------------------------

Ship To: ----------------------------------

~ate Requested By: 

Estimated Date for Return of Samples: 

D.I. Water Needed: Y I N 
Quantity-----------



FIGURE 5-2 

rwr- Madison, \\'\ 53703 
1406 East Washington Ava, 
Sulle 124 
(606)255-21J1 

Woshln9ton, DC 20006 
1625 I Sl. N.W. 
Suite 719 
(202)46J-6909 

F-266 (R2/66) 
(U!!ie Block Ink Only) CHAIN OF CUSTODY RECORD 
Bottles Prepared by: 

PrOJect. No. 

RMT 
lob 
No. 

SAHPLER 

Yr._ 
Dote 

Client: 

11m• 

<!}Unquhhod -by (Sla.) 

~llnqulshed by (Sl«.) 

Date/Tiae Oftlco Code: 
1 j!Stoto) 

l ;. 

Somplo 
Station 10 

Dat.e/Tl•o 

e.s ., . 
~A 
;!o 

<!}col.ved by (Sis.) 

Shipper Paae & • 

<!}colved by (Sl&.) 

Shipper "••• 6 I 

c!)llnQuished by~Dato/11•• c!)ceived by (Sla.) 

Shipper Name Is. 1 I Shipper N .. e Is. I 

SonIa Monica, CA 90405 
3420 Ocean Pork Blvd. 
Sulle JOtO 
21J)452-5076 

Crond Ledge, Ul 488J7 
J25 South Clinton Street 
(517)627-4044 

Creenvillee SC 29607 
11 ReQency Hills Odve 
(60J)292-1921 

I t.': Somplo (GW, ww. sw. Son, Olhor): 
USE) l)9o: 

N2 003907 ·· 
/filtered (Yes/No) 

"1-L~Z~~;L~z:;z~Z~~ Preserved (Code} 
~~ RefrJgeroted {Yes/No) 

Dat.e/Tl•• 

Dat.e/Tl•e 

Det.e/T1•• 

I 

Code: A = None 

Comments 

8 - HHOJ 
c - u,so• 
0 ..,. NoOH 

E- ---

HAZARDS ASSOCIATED WITH So\11PLKS 

(for Lab Use Only) 

Receipt. Te•p _ Receipt. pil ----

Cllent. P,O.Nuabor -------

Subsequent Anelyala: ( Check 

'" • ~hd hw 0 R ... ,..vd ... t_ hvO Snell 0 Ol Det.e Reaub•lt.te_ 
• ... J.tl h• R ..... vd t .. t.a ... t.__hy . _ 

"'" • • 00 ~ 
ro ro 

"' 
~'-
0 0 

~·. 

"'"'' "' ,... . ' 
t;; 
"' ~ 
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~.;oitter: 11o be coopleted by lab OHsonneli 
f.eport to: llflS workorder I. D.: 
I >ied Manager: And ysi s T argel Date: 
i ljett Nuaber: RMT oflict: Technical RevieN by: Dale: 
Froject Nue: LIKS entry by: D•le: 
I 0 rice Quote Huaber: 
I .rt Tar!el Date: ldelaull-3 ..... , Saople Katri x: GW ww sw Other 

SAKPLE I. D. ttuater 

I I I \ \ \ ' ci 
'•raaeler/Kelhod ' LIKS Test ID Suoles ' 

. II aoro (6011 --- SVOABOI0 1 WVOi1601 --- ------- ------- ------- ------- ------- ............... ------- ------- ------- ------- -----------
I 21 8020 16021 SVOAB020, WVOA602 ------ ------- ------- ------- ------- ------- ---------- --- ------- ------- ------- -----------
~I 31 8030 (6031 --- SVOA8030 1 WVOA603 ·-- ----·-- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------------

H 8210 !6W --- SIW VOAHSl 
---------- ------- ------- ------- ------- ------- ------- ------- ------- ~------ ------- ------------

I 51 6015 ....................... SVOA8015 ------------ ------- -·----- ------- ------- ------- ------- ------- ------- ------- ------- ------------
; I Ill 502.2 !SOW~ I - SIM YOA502 

---------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------------
71 524.2 ISOWAI - SIW YDAS21 ---------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ------------

I 8l SOl 15DWAl --- 5/V VDASO~ ---------- ------- ------ ------- ------- ------- ------ ------ ------ ------- ------- ------------
t ' VI HSL ...................... 5/W VOAHSL 

---------- ------- ------- ------- ---·--- ------- ------- ------- ------- ------- --------
.. ___________ 

~10) pp ........................... 51W VDAI ........................... ------- -·----- ------ ------- ------- ... .............. ------- ------- ------- ................. 
-·---~-----

'II TClP ......................... TVDA22 -------------- ------- ------- ................. _ ............. ................. ........... ___ ' ------- ------- ------- ------------
21 Aooendiz li S/W VOAIX 

)))))))))))))))))) Singh Parneters othe side ))))))) ))))))) ))))))) ))))))) ))))))) ))))))) ))))})) ))))))) ))))))) ))))))) )) )) : 

. ll 608 I 8080 -- 5PCBE5T ------------
___ .. _ ---·--- ................ ·---- ---·--- ------ ------- ------- ------- ------- ............................. ~ 

f 21 8110 -·--·--- 51V D6PBIIO --------- ------- ------- ------ ___ .. _ .... ____ ,.. ---·--· ................. ------- ------- .. ................ ------------
; I 31 8150 ................... SHRBBISO 

------------ ------- ................. ------ ................. ................ ................. ------- ------- ------- ............... -·----------
41 TCLP-Pesticidt lPESlB ...... -.................... ................ ................. ------· ............... ... co ........... ------- ------- ------- ................. ................. ------------i 51 TCLP-Htrbitide TPEST8 ................................. ------- ------- ------- ................ -----·- ------- --·---- ------- ................ ------- ------------

' 61 50S !SDNAI SIV PEST 505 

~I ··- .................... ................ ............... .. ............ .......... -.. .. ............... .............. .............. .............. ............... __ ............ ... ....................... _ ,, SIS. I tSDWAI - SIW PEST SIS ..................... ------- ................. ------- ................. ------- ------- ................. ................. .. .............. ................ -----------· 
' 81 507 tSOWAI --- SIV PEST SOl ---·-- ... _ ........... .............. ------- ................... ............... ................. ............... ------- .. ................ .................. -·-·------
1 91 HSL ................. _ SIW PCBPEST ........................ ------- ................... ------- ................... .................. ................... --·--- ------- ................ _ ................ .. ............... ____ 

~ ~~~: PP SIV PCBPEST -·------ ................... ................. ............... _ ............. ................. ------ ............... ................. ------- .................... ---·-------Aoo;~;-;--ji-- S/W PIX 

- ))))))))))))))))) 5ingle.Paraoeters olht side ))))))) ))))))) ))))))) ))))))) })))))) ))))))) ))))))) ))))))) ))))))) ))))))))})); 

; I II 604 I 8040 --· m ACID ___ .................... ·----- .................. ................. ---- ......... __ .. ............... ------- .................. ................... ............... -----------
21 605 I 8050 --- VBNZ6051 SBN28050 --- ----- ......... _ .. ................ ........ - ...... _ ............. ................. ------- --·---- ................ ------- -----------· 

1 31 606 I 8060 --- VIS &HAPHTH .................. ------ ............... ................. ----- ................. ------ ................. ................... ------- ------- ................................ 

:I 41 607 I 8070 --- WKTR6071 SH1R8070 ------ ------- -----· ................... ................. --- ___ .. __ -----·- .................. ................. ................... -----------· 
51 609 I 8090 --- MH160V 1 SNI8090 ................. .................. -------............. ---·--- ............... ... ............. ................ ------- .................. ................ ___ .,. ________ 

I bi 610 I 8100 VIS PN~ --- .................................. ------· ................ ................. ................. .................. .. .................. ............... ------- ------- ------· .......................... 
) 71 611 I 8110 --- VIS HALO 

·I 
............................... .................... 

______ .. 
.................. ... ............. .................. .. .............. ------- ------- ------- ................ -----------· 

61 612 I 8120 --- VIS CIIYD ................... .......................... 
____ ......... ------- ------- ------- ................ ... ............. .................. ............... .............................. 

' 91 m I 8270 VBNA625 1 S8NA8270 ' --- --- ------- _ ............... ------- ............... .............. ------- ------- ------- ................ ------- ......................... 
r 01 525 !SOW AI VSOWA --- .................................... .................. ------- ------- ------- ------- ................ ................ ------- .. ............... ------- ........................... 'I !I, TCLP 

---------
TBNAI4 ---------.......... ------- .. ............... ................. .................. ------- ------- ................. ------- ------- ------- -----------· 

. '21 HSL 
----------

VBNA625, S8NA8270 __ ............ --- ................ ............... ------- ,.. ______ ------- ------- ------- ------- .................. ------------j) pp 
-·---------

NBNAb25 1 S~NAB270 --- ----... -- ------- ------ ................. ................... ------- ................. ................. ------- ........................... 
i IU ~ooendi1 II VIS BNAII 
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__ ,baitter: ________________ _ ITo be co•pletrd by lab o.rsonnol i 

i.eport to: ________________ _ 
LIAS oorkorder I.D.: ----------------1 
Analysis larq•t Date:----------------! 

ojed ftanager: ______________ _ 
oject Nuaber: ________ RKT ollice: ---- Technical Revi•• by: _________ Date: ______ 

1 
Project ""''----------------

L!KS entry by: Oale: ______ 
1 '.. 'ricr Ouoh Nuabrr: ____________ _ 

,.rt Target Date: 

Faraaeter 

u·s 

<NIOE 

.EACH 
PROCEDURE 

"ROSEN 

s 

;uL!DS 

FUR 

, 'LE 
.. ) 

• ,JHERAL 

II BTU 
21 I Chlorine 
31 1 Sulfur 
ll Total 
21 Ructi ve 
31 Aaenabl e' 
II Vuk ~ Di ssoc 
ll BOO's 
21 COD's 
31 TDC - 2 reps 
41 TOC - 4 reos 
11 AS!" 
21 EP 101 
31 !CLP 
41 EP - Vahr 
51 Other 
II A11oni• - N 
21 Kieldahl - N 
ll Hitnte • N 
~~ H !NOl + ND21 
51 Nitrite- N 
II 0 - Phosphate 
21 T - Phosohoru• 
II Ash 
21 Tohl 
31 Filterabh 
II Non-Fi lterabh 
51 Vohtih 
11 Sulfate 
21 Sulfite 
31 Sulfide 
~~ Sulfur 
51 React. Sulfidt 
II Co1positing 
21 Filtration 
11 Acidity 
21 Alkalinity - 1 
ll Carbon/Bicarbon 
41 Fluorido 
51 Hudntss - T 
61 Specific Cond. 
71 pH l•ahrl 
Bl oH lsoill 

lde!autt-l •eeksl Suple Katrh: GW SWT WW CMP WCA Other 

LlKS lest ID 

BTU 
ICL 
IS 
CN + CHI 
RUCN 
CNA + CNAI 

CNWO+CHWDI 
. BOD or cBOD 

COD 
roc 
roc 
ASTM 
EP TDX 
TCLP 
EPW 

NH3 
n:N 
N03 
N 
H02 
OP04 
TP04 
TA or IDA 
TS 
IDS 
TSS 
TVS 
504 
502 
SULF 
s 
RSLF 
CKPSTNS 
FILTER 
ACto· 
ALK 
ALK2 
F 
HD 
COND 
f'H 
CORR 

I I I 
SAftPLE 1.0.1--1 --,,----,---.----4 

\ \ \ \ Nu•t:er 
of 

Saoles 

------- ------- ------- ------- ------- ------- ------- -------\------- ------- ----------

------- ------- ------- ------- ------- ------- ------- ------- ------- -----~- ----------

------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ----------

------- ~------ ------- ------- ------- ------- ------- ------- ------- ------- ----------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ----------------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ----------
)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))llllll)llllillll))li!')J),, 

ATHCH FIELD DATA SHEETS TO THIS FORM f·•9• _ "' 
lOVER! 



Reoort Tarqel Date: 

Paraeter 

i~LOSENS 

ISC. 

nHALS 
kE6ULATDRY 
~CI:ASES 

II Chloride 
21 Fluoride 
31 101 - 2 reps 
41 TO! - 4 rfOS 

11 Phenol-! lcolorl 
21 Tot. Petro. 

Hydrocar. tlRI 
31 Tot. Petro. 

Hrdroc.ir. I SCI 
U Oil ' Srnse I!Rl 
51 lgnihbility · 
61 Corrosivity pH 
71Paint Filt•r Test 
II HSL 2l otl + CN 
21 Prior/Pol 13 at! 
31 RCRA EPT 8 at! 
41 Rich. E~T 10 at! 
51 SDKA 10 at! 
61 RCRA Srd/Ntr Bot! 
71 TCLP 8 at! 

OTHER !please fill inl 

FIGrRE 5~6 (cont'd) 
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ldelault-3 •eeksl Suple Matrix: sw 6W1 

l!MS Test lD 

CL 
F 
lOH 
TOH 
PHHL +PNU 
TPHIR 

TPHSC 

O+SIR 
FLASHPT 
CORR 
FRLQ 

I 
T SAMPLE J.D. T 

I 7 \ 

ww CKP 

\ 

o;t~~--July·l: 1989 
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WCA Other 

h'uate:r \ \ •• 
Silo I" 

HSL2l+CN 
f·P·Il 
EP-B 
EP·IO 
SWDA-10 
RCRA-B 
TCP-B 

------- ------- ................ ------- ----- ------- ------- ------- ------- ...................................... -

··------------------------------ -----~----- ------- ------- ------- ·------ ------- ------- ------- ------- ------- ------- ---------··------------------------------ ------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ---------

i. ______________________________ ------------ ------- ------- ------- ------- ------- ------- ------- ------- ------- ------- ---------"------------~----L-~--~--L-~---L~~_J __ _L __ ~~~~ 1)))))))))))))))))))))))))))))))))))))))))))))))))))})))))))})))))))))))))))))))))))))))))))}))))))))))))))))}))))})))))))))))))1J))) 
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lOYER I 
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Suboilter: _________________ _ 
'eport to: ___________________ _ 
·oject Aanager: ________________ _ 

, roiect Nuaber: ________ _ RKT office: 

''" iec t Maoe:-:--::--:------------------
Price Guo\e Huaber: __________ -:--:----

•oort iarget Dato: (dehult-3 weeks! 

Para11eler 

KETALS 
•• Aluoinuo - lCP 
•· Antioony - lCP 

.AI Ar5fnic - lCP 
II Arsenic - GFAA 

1. oariua - ICP 
• Berylliuo - ICP 

B~ron - ICP 
I. AI Cadoiua

Bl Cadaiuo -
ICP 
GFAA 

• Cdciuo - ICP 
.. AI Cbroaiua ICP 

81 Cbrooiuo T - GF~A 

Cl Chroaiuo Her - WET 
Cobolt !CP ), 

ICP 11. Copper -
·1. Iron - ICP 
l.AI Lud 

Bl lead 
ltP 
6FAA 

ICP 14.Al Litbiuo -
Bl Lithiua 

!6. ftanganese 

- Fh•e 
lCP 
ICP 

I, fttrtLlTy - cold/vapor 
.J. ftolybdenua - !CP 
!9. Hitktl - ICP 
l. Potassiuo - JCP 
!.AI Seleniua lCP 

SFAA iii Seleniuo -
"?. Silicon - ICP 

Silvor - ICP 
6FAA 

;, AI 
81 Silver -

?4, Sodiua -- ICP 
i. Strontiuo - ICP 

••· Sullur - ICP 
27.AI Thtlliuo - ICP 

Bl Th•lliuo- GFA~ 

l. Tin - ICP 
21. Titaniua ICP 
-J. V;n;diuo - JCP 

1, Zinc - ICP 

llKS Te~t ID 

AL 
SB 
AS 

F-AS 
FA 
FE 

BOR 
CD 

F-CD 
CA 
CR 

F-CR 
CR6 

CD 
cu 
FE 
PB 

F-PB 
LJ 

F-ll 
KG 
KN 
HG 

, KO 
Nl 
K 
SE 

F-SE 
Sl 
AG 

F-AG 
NA 
SR 
s 
TL 

F-TL 
SN 
Tl 
v 
lN 

I I 

110 De coopletoo by Lab personnel! 
LIKS •orlordor I.D.: 
Analysis Target Date: 
Technical Revie• by: Date: 
L!KS entry by: uate: 

Saople Ka\rix: GW SWT ww CKP WCA Other 

S~KPLE I. D. k1.aoer 

I \ \ \ \ of 
Saaol.s 

----- .. -

~CIAL INSikUCTlOHS: --------------!HAZARDS ASSOCIATED WITH SAftPLES: ___ _ 

hTTACH FIELD DATA SHEETS TO THIS FORK 



Parameter Name 

Acidity 

Alkalinity 

Anmonia 

Biochemical oxygen demand 

Bromide 

Chemical oxygen demand 

Chloride 

Color 

Cyanide, total and amenable to chlorination 

Fluoride 

Hardness 

Hydrogen ion (pH> 

Kjeldahl and organic nitrogen 

Nitrate 

Nitrate/nitrite 

Nitrite 

Oil and Grease 

Orthophosphate 

Phenols 

Phosphorus, total 

Sil ice 

20-96:LAB:QAmanual-t2 

TABLE 5-1 
YATERS 

INORGANIC PARAMETERS 
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE VOLUMES 

Container1 Preservatioo2•3 Maximum Holding Time4 Sanple VolLme 

Plastic cool, 4•c 

Plastic Cool, 4•c 

Plastic cool, 4•c, H2so4 to pH < 2 

Plastic Cool, 4•c 

Plastic None Required 

Glass Cool, 4•c, H2so4 to pH <2 

Plastic None Required 

Plastic Cool, 4•c 
Plastic Cool 4•c, Ascorbic Acid and NaOH, pH > 12 

Plastic None Required 

Plastic HN<3 to pH < 2 

Plastic None Requf red 

Plastic Cool, 4•c, H2so4 to pH <2 

Plastic coot, 4•c 

Plastic cool, 4•c, u2so4 to pH <2 

Plastic cool, 4•c 

Glass Cool, 4•c, u2so4 to pH <2 

Plastic Filter immediately, Cool 4•c 

Glass Cool, 4'C, H2so4 to pH <2 

Plastic cool, 4•c, H2so4 to pH <2 

Plast lc cool, 4•c 

14 days 

14 days 

28 days 

48 hours 

28 days 

28 days 

28 days 

48 hours 

14 days6 

28 days 

6 months 

Analyze immediately 

28 days 

48 hours 

28 days 

48 hours 

28 days 

48 hours 

28 days 

28 days 

28 days 

100 ml 

100 ml 

500 ml 

500 ml 

100 ml 

20 ml 

100 ml 

100 ml 

1,000 ml 

100 ml 

100 ml 

100 ml 

100 ml 

25 ml 

100 ml 

100 ml 

250 ml 

100 ml 

500 ml 

100 ml 

500 ml 
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Parameter Name 

Sol ids, Total 

Solids, Total Dissolved 

Solids, Total Suspended 

Solids, Total Volatile 

Specific Conductance 

Sulfate 

Sulfide 

Surfactants 

Total Organic Carbon 

Total Organic Halide 

Total Petroleum Hydrocarbons 

PETALS 

Chromiun 

Mercury 

Metals, except chromium VI and mercury 

1·2 metals 

3·5 

6·8 

8·15 
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TABLE 5·1 (CONT.'D) 
WATERS 

INORGANIC PARAMETERS 
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE, VOLUMES 

Container 1 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Glass, Teflon· 
Lined Cap 

Glass, Anber, 
Teflon·L I ned 
Cap 

Glass 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Preservation2' 3 

cool, 4•c 

cool, 4•c 

Cool, 4•c 

Cool, 4•c 

coot, 4•c 

Cool, 4•c 

Cool, 4•c, add zinc acetate plus sodium 
hydroxide to pH >9, no headspace 

Cool, 4"C 

Cool, 4'C, H2so4 to pH < 2, do not filter 

Cool, 4"C, no headspace, sodium sulfite 

H2so4 to pH < 2 

Cool, 4"C 

liN~ to pH <2 

HN~ to pH <2 
HN~ to pH <2 
HN~ to pH <2 
HN~ to pH <2 
HN~ to pH <2 

Maximum Holding Time4 Sample Volume 

7 days 50 ml 

7 days 50 ml 

7 days 25D ml 

7 days 100 ml 

28 days 100 ml 

28 days 200 ml 

7 days 500 ml 

48 hours SOD ml 

28 days 125 ml 

7 days 1,000 ml 

28 days 1,000 ml 

24 hours 200 ml 

28 days 250 ml 

6 months 

6 months 125 ml 

6 months 250 ml 

6 months 500 ml 

6 months 1,000 ml 
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Parameter Name 

Purgeable Halocarbons 

Purgeable Aromatic Hydrocarbons 

Semi·Volatile Organics 8, 11, 12, 13, 14 

Acrolein and acrylonitrile 

1 1 
Phenols 

Benzidine& 

Phthalate esters 

Nitrosamines
11

'
14 

PCBs 

Nitroaromatics and isophorone
11 
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TABLE 5-2 
WATERS 

ORGANIC PARAMETERS 
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE,VOLUMES 

Container1 Preservation2' 3 Maximum Holding Time4 Sample Volume 

Glass, Teflon· 
Line Septun 

Glass, Teflon· 
Line SeptUR 

Glass, Teflon· 
Lined Cap, 
Anber 

Glass, Teflon· 
Septun 

Glass, Atrber, 
Teflon-Lined 
Cap 

Glass, Anber, 
Teflon-Lined 
Cap 

Glass, Amber, 
Teflon-Lined 
Cap 

Glass, Mber, 
Teflon-Lined 
Cap 

Glass, Atrber, 
Teflon- Lf ned 
Cap 

Glass, AnDer, 
Teflon-Lined 
Cap 

Cool 4•c, ascorbic acid5 

Cool, 4•c, ascorbic acid5, HCl to pH2 

Cool, 4•c, no headspace 

Cool, 4•c, ascorbic acid5, adjust pH to 4-5 

Cool, 4•c, ascorbic acid5 

Cool, 4•c, ascorbic acid5 

cool, 4•c 

Cool, 4•c, store in dark, ascorbic acid5 

Cool, 4•c 

Cool, 4•c, store in dark, ascorbic acid5 

14 days 

14 days or 7 days9 

7 days until extraction; 
40 days after extraction 

14 days 

7 days until extraction; 
40 days after extraction 

. 13 
7 days until extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

16 
3 x 40 ml 

16 
3 x 40 ml 

2 x 1,000 ml 

3 x 40 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 
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Parameter Name 

. 11 
Polynuclear aromat1c hydrocarbon 

11 
Haloethers 

11 
Chlorinated Hydrocarbons 

11 
TCDD 

11 
Pesticides 

Anhydrous Ethyl Alcohol 
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TABLE 5·2 (CONT.'D) 
~ATERS 

ORGANIC PARAMETERS 
REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE VOLUMES 

Container1 Preservation2' 3 Maximum Holding Time4 S~mPle Volume 

Glass, AnDer, 
Teflon· Lined 
Cap 

Glass, AnDer, 
Teflon· LIned 
Cap 

Glass, An'ber, 
Teflon·L I ned 
Cap 

Glass, Amber, 
Teflon·L I ned 
Cap 

Glass, AnDer, 
Teflon-Lined 
Cap 

Glass, Teflon· 
Ll ne SeptUII 

Cool, 4•c, ascorbic acid5, store in dark 

Cool, 4•c, ascorbic acidS 

Cool, 4•c 

Cool, 4•c, ascorbic acidS 

15 
Cool, 4"C, pH 5·9 

Cool, 4•c, ascorbic acid5 

7 days until extraction; 
40 days after extraction 

7 days until extraction; 
40 days after extraction 

7 days until extraction 
40 days after extraction 

7 days until extraction 
40 days after extraction 

7 days until extraction 
40 days after extraction 

14 days 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

2 x 1,000 ml 

3 x 40 ml 
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Parameter Name 

Organics 

Volatile Organics 

Semi-Volatile Organics 

Pesticides/Herbicides/PBCs 

Dioxins/Furans 

lnorganlcs 

General lnorganics 

Metals, except mercury 

Mercury 

Ash 

Free liquids 

cac2 Gas Generation 

Total Organic Carbon 

Total Organic Halide 

Leach Tests 

ASTM/EP·Tox/EP•Uater 

TCLP 

TRPN 
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TABLE 5·3 
SOILS/SOLID ~ASTE 

REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE VOLUMES 

Container 1 

Glass, VOA 
Vial, Teflon· 
Septun 

Glass, AnDer, 
Teflon· Lined 
Cap 

Glass, AnDer, 
Teflon-Lined 
Cap 

Glass, Amber, 
Teflon· Lined 
Cap 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Glass, Vial 

Glass, Amber, 
Teflon-lined 
Cap 

Plastic 

Glass, Anber 

Glass, Amber 

Cool, 4•c 

cool, 4•c 

cool, 4•c 

cool, 4•c 

Cool, 4•c 

Cool, 4•c 
Cool, 4'C 

None 

None 

None 

Cool, 4'C 

Coot, 4•c 

Cool, 4'C 

Cool, 4'C 

Cool, 4'C 

Preservation2' 3 Maximum Holding Time4 S~mQle Volume 

14 days 

14 days 

14 days 

14 days 

6 months 

28 days 

7 days 

28 days 

7 days 

2 x 40 ml 

500 ml 

500 ml 

500 ml 

1,000 ml 

1,000 ml 

1,000 ml 

1,000 ml 

1,000 ml 

1,000 ml 

40 ml 

500 ml 

1,000 ml 

4,000 ml 

500 ml 
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1. Polyethylene (P) or Glass (G). 

TABLE 5-1, 5-2, and 5-3 
NOTES 

REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE VOLUMES 

2. Salfllle preservation should be performed inmedi a tel y upon SBI'fl>l e collection. For coopos i te chemical samples, each aliquot should be preserved at the time of 

collection. When use of an automated sampler makes it impossible to preserve each aliquot, then chemical samples may be preserved by maintaining at 4•c until 
compositing and sample splitting fs completed. 

3. When any sample is to ~ shipped by common carrier or sent through the United States Mails, it must comply with the Department of Transportation Hazardous Materials 
Regulations <40 CFR Part 172>. The person offering such material for transportation is responsible for ensuring such compliance. For the preservation requirements 
of Table 5·2, the Office of Hazardous Materials, Materials Transportation Bureau, Department of Transportation has determined that the Hazardous Materials Regulations 
do not apply to the following materials: Hydrochloric acid (CHI) in water solutions at concentrations of 0.04 percent by weight or less (pH about 1.96 or greater>; 
Nitric acid (HN~) in water solutions at concentrations of 0.35 percent by weight or less (pH about 1.15 or greater); and Sodium hydroxide (NaOH) in water solutions 
at concentrations of 0.080 percent by weight or less (pH about 12.30 or less). 

4. Samples should be analyzed as soon as possible after collection. The times listed are the maximum times that samples may be held before analysis and still be 
considered valid. Samples may be held for longer periods only if the permittee, or monitoring laboratory, has data on file to show that the specific types of samples 
under study are stable for the longer time, and has received a variance from the Regional Administrator under § 136.3(e). Some samples may not be stable for the 
maximum time period given in the table. A permittee, or monitoring laboratory, is obligated to hold the sample for a shorter time if knowledge exists to show that 
this is necessary to maintain sample stability. See § 136.3(e) for details. 

5. Should only be used in the presence of residual chlorine (25 mg/40 ml). 

6. Maximum holding time fs 24 hours when sulfide is present. Optionally, all samples may be tested with lead acetate paper before pH adjustments in order to determine 
if sulfide is present. If sulfide is present, it can be removed by the addition of cadmium nitrate powder until a negative spot test is obtained. The sample is 
filtered and then NaOH Is added to pH 12. 

7. Samples should be filtered immediately on·site before adding preservative for dissolved metals. 

8. Guidance applies to samples to be analyzed by GC, LC, or GC/MS for specific compounds. 

9. Sample receiving no pH adjustment must be analyzed within 7 days of sampling. 

10. The pH adjustment is not required if acrolein will not be measured. Samples for acrolein receiving no pH adjustment must be analyzed within 3 days of sampling. 
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TABLE 5-1, 5-2, AND 5-3 (CONT.'D) 
NOTES 

REQUIRED CONTAINERS, PRESERVATION TECHNIQUES, HOLDING TIMES, AND SAMPLE VOLUMES 

11. ~hen the extractable analytes of concern fall within a single chemical category, the specified preservative and maximum holding times should be observed for optimum 
safeguard of sample integrity. When the analytes of concern fall within two or more chemical categorie$, the sample may be preserved by cooling to 4•c, reducing 
residual chlorine with ascorbic acid storing in the dark, and adjusting the pH to 6·9; samples preserved in this manner may be held for seven days before extraction 
and for 40 days after extraction. Exceptions to this optional preservation and holding time procedure are noted in footnoteS (re: the requirement for ascorbic 
acid with residual chlorine), and footnotes 12 and 13 (re: the analysis of benzidine)e 

12. If 1,2-Diphenylhydrazine is likely to be present, adjust the pH of the sample to 4.0 t02 to prevent re-arrangement to benzidine. 

13. Extracts may be stored up to 7 days before analysts tf storage fs conducted under an inert (oxidant-free) atmosphere. 

14. For the analysis of diphenylnitrosamine, add 0.008 percent Na2S20] and adjust pH to 7-10 with NaOH within 24 hours of sampling. 

15. The pH adjustment may be performed upon receipt at the laboratory end may be omitted if the samples are extracted within 72 hours of collection. For the analysis 
of aldrin, add 0.008 percent Na2s2o3• 

16. Samples can be collected jointly; follow preservative instructions for purgeable halocarbons. 

17. Preservation should be done in the field using a cyanide kit. 
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6.0 CALIBRATION 

Section No. 6.0 
Revision No. 1 
Date: July l, 1989 
Page 1 of 27 

Calibration is required to demonstrate that instruments are operating 

properly. Correct operation is important in meeting sensitivity and in. 

establishing detection limits. There are two types of calibration: 1) 

operational calibration which is performed prior to instrument usage (standard 

curves) or 2) periodic calibration which is performed at prescribed intervals 

(balances, ovens). 

6.1 CALIBRATION SYSTEM 

All instruments and equipment which measure a quantity shall be controlled 

by a formal calibration program. Development and implementation of the 

calibration program shall be the responsibility of the Inorganic and Organic 

Group Supervisors. 

6.1.1 Calibration Procedures 

Recognized procedures (USEPA, ASTM, manufacturer's instructions) shall be 

used when available. Written calibration procedures shall include the reference 

materials to be used, calibration technique, acceptable performance limits, 

frequency, and documentation. 

6.1.2 Equipment Identification 

All equipment that is subject to calibration shall be labeled with a unique 

number. 
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6.1.3 Calibration Frequency 

::;ect:ion No. b.U 
Revision No. 1 
Date: July l, 1989 
Page 2 of 27 

Frequency shall be determined by manufacturer's recommendations, agency 

requirements, type of equipment, instrument stability, type of method and prior 

experience. 

6.1.4 Calibration Reference Standards 

Physical standards (weights, certified thermometers) shall be traceable to 

nationally recognized standards (e.g. NBS) which are at least four to ten times 

as accurate as the equipment requirements. When possible, physical standards 

shall be recalibrated every three years by a certified external agency. 

Chemical reference standards shall be National Bureau of Standards, Standard 

Reference Materials (SRMs), standards provided by the United States Environmental 

Protection Agency (USEPA), or vendor certified materials traceable to these 

standards. 

6 .1. 5 Calibration Failure 

Equipment that fails calibration shall be removed from service or tagged 

to indicate that it is out of calibration. The equipment shall be repaired and 

recalibrated before reuse. A record of all such occurrences shall be maintained 

with the equipment calibration file. 

6.1.6 Calibration Records 

Calibration records shall be maintained for each piece of equipment which 

requires calibration. This information shall include instrument name and number, 

calibration frequency and acceptance limits, date of calibration, calibration 

instructions, identity of person performing the calibration, calibration data, 
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and records of any failures or repairs. Records for each instrument shall be 

maintained in a separate folder. A calendar shall be maintained by the Group 

Supervisors listing the dates of calibration for all instruments that require 

periodic calibration in their laboratory. 

For instruments that are calibrated on an operational basis, calibration 

generally consists of determining instrument response against compounds of known 

composition and concentration or the preparation of a standard response curve 

of the same compound at different concentrations. Records of these calibrations 

shall be kept in a log book kept with each instrument. This log book, prepared 

by the analyst, shall contain instrument name and number, notice of calibration 

failure and repairs, and a brief ~ecord of all calibrations performed. ~ 

6.2 OPERATIONAL CALIBRATION (Table 6-6·1) 

As mentioned previously, operational calibration usually involves measuring 

a standard response or preparing a standard calibration curve. Operational 

calibration for the major pieces of equipment in the RMT Laboratory are discussed 

below. 

6.2.1 General Calibration Procedures 

The analyst shall eliminate, or minimize, the source of errors by proper 

selection of method, equipment, solvents and gases. Since even the best quality 

materials may contain interfering substances, the analyst shall analyze a method 

blank. The preparation of a standard curve may be necessary to certify the 

method. 
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6.2.1.1 Method Blank/Preparation Blank 

Section No. b.U 
Revision No. 1 
Date: July 1, 1989 
Page 4 of 27 

The method blank shall be prepared by following the procedure step-by-step, 

including the addition of all solvents and reagents in the quantities specified 

by the method. If this cumulative blank interferes with the determination, steps 

shall be taken to reduce or eliminate the interferences. If this cannot be done, 

the magnitude of the interference shall be considered when calculating the 

concen.tration of a compound. A method blank shall be run with each group of 

twenty or fewer samples, or at least once every twelve hours. 

6.2.1.2 Preparation of Standard Calibration Curve 

Preparation of a standard calibration curve shall require the preparation 

and analysis of at least three standard solutions by mixing the species to be 

analyzed with the appropriate solvent that is used to introduce the species into 

the instrument. The concentrations of the standard solutions shall cover the 

working range of the instrument and the sample measurements shall be made within 

this range or the data shall be qualified. The calibration curve shall be 

prepared by plotting instrument response versus concentration of the species 

analyzed so that sample concentrations can be determined. 

For ICP analysis, a linear range verification check standard shall be 

analyzed quarterly (every 3 calendar months) for each element. The analytically 

determined concentration of this standard shall be within ±5% of the true value 

for CLP work and ±10 percent for routine analytical work. This concentration 

shall be the upper limit of the ICP linear range beyond which results cannot be 

reported without dilution of the analytical sample. 
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6.2.2 GC(MS Calibration Procedures 
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Documentation of GC/MS mass calibration and abundance pattern, response 

factor stability and internal response and retention time shall be done by the 

analyst. 

6.2.2.1 Tuning and GC/MS Mass Calibration 

Prior to analyzing any samples, and on a twelve-hour basis, 

decafluorotriphenylphosphine (DFTPP) shall be analyzed for basejneutral and acid 

(BNA) compounds or p-bromofluorobenzene (BFB) for volatile compounds. The ion 

abundance criteria (Tables 6-1 and 6-2) for an injection of 50 ng of thf! 

appropriate compound shall be met before any samples, blanks or standards are 

analyzed. 

6.2.2.2 Calibration of the GCfHS System 

Internal Standard Calibration 

A minimum of five concentrations shall be used to establish the linearity 

of response. Typical linear ranges are L0Q to 400 ng for base neutrals, L0Q to 

400 ng for phenols and L0Q to 1,000 ng for volatiles. 

The following definitions are used with the GC/MS system: 

LOD Limit of Detection 
LOQ Limit of Quantitation 

E Exceeds Calibration Range 
J Estimated Value Between LOD and LOQ 
U - Undetected 
B Analytical Parameter Appeared in the Blank 

Volatile Hazardous Substance List {HSL} Compounds 

Volatile internal standards with their corresponding HSL analytes are listed 

in Table 6-3. Initial calibration of volatiles is recommended at 20, 50, 100, 
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150, and 200 ugjl. Cases where the 200 ug/1 concentration saturates the detector 

shall be documented. 

Semivolatile and Pesticide HSL Compounds 

Semivolatile internal standards with their corresponding HSL analytes are 

listed in Table 6-4. Initial calibration of semivolatiles is recommended at 20, 

50, 80, 120, and 160 total nanograms. Nine compounds (benzoic acid; 2,4-

dinitrophenol; 2,4,5-trichlorophenol; 2-nitroaniline; 3~nitroaniline; 4-

nitroaniline; 4-nitrophenol; 4,6-dinitro-2-methylphenol; pentachlorophenol) use 

only the four highest concentrations since detection at less than 50 ng is 

usually not possible. (Since benzidine is no longer part of HSL, it shall be 

reported by request only.) The response factor shall be calculated for each 

compound at each concentration level using the following equation: 

where A,_ 

A. 
l.S 

c. 
l.S 

RF-
A 

X 
X 

Ais Cx 

area of the characteristic ion for the compound to be 
measured. 

area of the characteristic ion for the specific internal 
standards. 

concentration of the internal standard (ng/ul). 

-concentration of the compound to be measured (ng/ul). 

Calibration Check Compound Response (CCC) 

The RF from the initial calibration shall be used to calculate the percent 

relative standard deviation (% RSD) for compounds identified as calibration check 

compounds: 

%RSD - _9( x 100 

X 
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where RSD - relative standard deviation 
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~ - standard deviation of initial five response factors (per 

compound). 
x -mean of initial five response factors (per compound). 

The %RSD for each individual Calibration Check Compound shall be less than 30 

percent. This criteria and system performance check compound (SPCC) 

specifications shall be met for the initial calibration to be valid. Calibration 

check-compounds are listed in Table 6-5. 

System Performance Check Compound Response (SPCC) 

A system performance check shall be performed so that minimum average 

response factors are met before the calibration curve is used. 

For volatiles, the five System Performance Check Compounds (SPCCs) shall 

be: chloromethane; 1,1-dichoroethane; bromoform; 1,1,2,2-tetrachloroethane; and 

chlorobenzene. The minimum acceptable average response factor (RF) for these 

compounds shall be 0. 3 except for bromoform which shall be 0. 25. These compounds 

typically have RFs of 0.4 to 0.6. 

For semivolatiles, the SPCCs shall be: n-nitroso-di-n-propylamine; 

hexachlorocycylopentadiene; 2,4-dinitrophenol; and 4-nitrophenol. The minimum 

acceptable average RF for these compounds shall be 0.05. These compounds (SPCCs) 

typically have very low RFs (0.1 to 0.2). 

Continuing Calibration (GC/MS) 

A calibration standard containing all volatile or semivolatile HSL compounds 

as well as all required surrogates, shall be performed each 12 hours including 

prior to and after analysis. The RF data from the standards each 12 hours shall 

be compared to the average RF from the initial calibration for a specific 
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A gas chromatograph consists of two key components: 1) columns for 

separation, and 2) a detector for identification. 

The efficiency of the column shall be checked by injecting a solution of 

p,p,-DDT equivalent to 40 - 80% of full scale. An efficiency of 3,000 plates 

or more shall be required for successful pesticide analysis using a six-foot 

column. 

Where: X 
y 

N - 16 (X/Y) 2 

retention time of the p,p-DDT Peak 
the time corresponding to the width of the base of the 
peak. 

The absolute retention time of the p,p-DDT peak shall be greater than or 

equal to 12 minutes for a six-foot column. (1.5% SP-2250, 1.95% SP-2401 or 

equivalent.) 

A solution of p,p,-DDT and endrin equivalent to 50% of full scale shall be 

injected on to the column. Breakdown (any peaks in addition to the two main 

peaks) shall not exceed 20% for DDT and 20% for endrin. 

The linear range of each pesticide or PCB mixture shall be determined and 

documented. In addition, the dibutylchloroenadate (DBC) added to each sample 

and calibration standard shall meet retention time criteria (less than 2% shift). 

Volatiles 

The standard technique for volatiles analysis is purge and trap gas 

chromatography utilizing photoionization and electroanalytical detectors. 
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A minimum of three concentration levels shall be prepared and the instrument 

calibrated by the external standard method. Each day a blank shall be run to 

assure that the reagent water is free from interferences. The working 

calibration curve or calibration factor shall be verified on a daily basis. 

6.2.4 Calibration of the Inductively Coupled Argon Plasma 
Spectrophotometer (ICP) 

This technique involves the nebulization of samples which are then excited 

by a radio-frequency inductively coupled plasma. The intensities of the spectral 

lines are monitored by photomultiplier tubes controlled by a computer system. 

A background correction technique is required to compensate for variable 

background contribution to any measured spectral line. 

Spectral interferences can be four types as follows: 

Interference 

Overlap of spectral line from 
another element 

Unresolved overlap of molecular 
band spectra 

Contribution from continuous or 
recombination phenomena 

Stray light from line emission 
of high concentration elements 

Solution 

Computer correction of raw 
data by monitoring 
interfering element 

Selection of an alternate 
wavelength 

Background correction 
adjacent to the analyte line 

Background correction 
adjacent to the analyte line 

Physical interferences are usually traceable to high dissolved solids 

contents or acid concentrations which cause changes in viscosity and surface 

tension. Solutions include use of a peristaltic pump, sample dilution, 

utilization of the methods of standard addition, or an internal standard 

compensation. Chemical interferences such as molecular compound formation, 
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ionization effects, and solute vaporization effects are usually not a problem 

with ICP but, where present, can be minimized by careful selection of operating 

conditions, buffering of the sample, matrix matching, or standard addition 

procedures. 

Calibration for the ICP shall include the following: 

Instrument detection limits (IDL) shall be determined quarterly. 

Linear range analysis (LRA) shall be verified quarterly. 

Interference check samples (ICS) shall be verified quarterly. 

At least two working standards shall be analyzed to establish a 

calibration curve within the working range of the instrument per 

8 hours. One of the standards shall be a blank. 

The correlation coefficient (r) of the calibration curve shall be 

0.995 or greater. 

Calibration shall be immediately followed by a second source initial 

calibration verification (ICV), an initial calibration blank (ICB), 

and a reference sample (EPA, ERA, etc.) when available. 

A second source continuing calibration verification (CCV) at the 

midpoint of the calibration curve, and continuing calibration blank 

(CCB) shall be analyzed after every ten samples. 

The calibration verification shall read ±10% of the true value. If 

the ICV or CCV is out of this range, the instrument shall be 

recalibrated, verified, and then the previous ten samples shall be 

reread. 

The continued calibration blank shall read ± the IDL of the 

instrument. If the ICB or CCB is outside this limit, then the 

instrument shall be recalibrated, verified, and the previous group 

of samples rerun. 

The ·system shall be rinsed between each standard and sample. 

After completion of sample analysis, the continuing calibration 

verification and blank shall be re-analyzed. 
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6.2.5 Calibration of the Atomic Absorption Spectrophotometer (AA) 

In operating a graphite furnace AA system, lamp intensity and alignment, 

slit width, wavelength, matrix modifier, and furnace temperature program shall 

be held constant throughout a run. 

Likewise, during flame AA analysis, factors which shall remain unchanged 

include burner head position, fuel/oxidant ratio and flow, lamp intensity and 

alignment, slit width and wavelength, matrix modification, and aspiration rate. 

The flame shall be allowed to stabilize before calibration and analysis. 

During cold vapor AA analysis, these variables shall be held constant: lamp 

alignment and intensity, slit width and wavelength, background correction, cell 

alignment and air flow from the pump. The prevention of moisture condensation 

in the cell and air lines is critical during analysis. 

In AA analysis, the acid concentration of the standards and samples shall 

be closely matched, as shall the reagent levels in the standards and samples of 

cold vapor analysis. 

Calibration for the AA shall include the following: 

Instrument detection limits (IDLs) shall be determined quarterly. 

A calibration blank and three working standards for GFAA and FAA 
(four working standards for CVAA) shall be analyzed to establish a 
calibration curve within the linear working range of the instrument. · 

Calibration shall b.e immediately followed by a second source initial 
calibration verification (ICV), an initial calibration blank (ICB), 
and a reference sample (EPA, ERA, etc.) when available. 

A second source continuing calibration verification (CCV) at the 
midpoint of the calibration curve, and·continuing calibration blank 
(CCB) shall be analyzed after every ten samples. 

The calibration verification shall read ±15 percent of the true 
value. If the ICV or CCV is out of this range, the instrument shall 
be recalibrated, verified, and then the previous ten samples reread. 
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The calibration blank shall read ± the IDL of the instrument. If 

the ICB or CCB is outside this limit, then the instrument shall be 

recalibrated, verified and then the previous samples reread. 

After completion of sample analysis, the CCV and CCB shall be re

analyzed. 

6.Z.6 Calibration of the Lachat Autoanalyzer 

The Lachat Analyzer system provides for the automated analysis of anions 

utilizing the principles of flow injection and colorimetry. 

Calibration of the tests run on the Lachat shall consist of two replicates 

of either a 4- or 5-point curve depending on the particular test. The points 

then shall be fitted to a linear or a piece-wise calibration curve. 

Calibration for the Lachat shall include the following: 

Instrument detection limits (IDLs) shall be determined quarterly. 

4-5 working standards prepared before analysis by dilution of a 

stock solution shall be analyzed to establish a calibration curve 

within the linear working range specific to the particular parameter 

manifold. 

A correlation coefficient (r) of 0.995 or greater shall be used as 

rejection criteria for the curve. 

Calibration shall be immediately followed by a second source initial 

calibration verification (ICV), an initial calibration blank (ICB), 

and a reference sample (EPA, ERA, etc.). 

A second source continuing calibration verification (CCV) at the 

midpoint of the calibration curve, and continuing calibration blank 

(CCB) shall be analyzed after every ten samples. 

The calibration verification shall read ±10% of the true value. If 

the CCV is out of this range, the instrument shall be recalibrated, 

verified, and the previous ten samples to the failed CCV reread. 

The continued calibration blank shall read ± of the IDL of the 

instrument. If the blank is above this limit, then the above 

criteria shall be followed. 
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6.2.7 Calibration for Total Organic Halides (TOX) 

The method involves passing a sample of water (protected against loss of 

volatiles by the elimination of headspace in the sample container), free of 

solids, through a column containing 40 mg of activated carbon. The column shall 

be washed to remove any trapped inorganic halides and shall be combusted to 

convert the adsorbed organohalides to HX, which shall be trapped and titrated 

electrolytically using a microcoulometric detector. Method interferences may 

be caused by contaminants, reagents, glassware, and other sample processing 

hardware. All of these materials shall be routinely demonstrated to be free from 

interferences by running method blanks. 

Calibration for the TOX shall include the following: 

Purity of the activated carbon shall be verified before use. Only 
carbon samples that register less than 1000 ng cl-140 mg shall be 
used. The carbon shall be protected at all times from all sources 
of halogenated organic vapors. Teflon seals shall be used on glass 
containers. 

Particulate matter shall be eliminated from the samples by allowing 
the particulates to settle and decanting the supernatant liquid, or 
by centrifuging and decanting. 

The absorption efficiency of each newly prepared batch of carbon 
shall be checked by analyzing 100 mL of the absorption efficiency 
standard, in duplicate, along with duplicates of the blank standard. 
The net recovery shall be within 5% of the standard value. 

Before beginning sample analyses, three separate GAC columns which 
have been washed with 2.5 ml of 5,000 ppm KN03 shall be analyzed. 

Duplicate instrument calibration standards shall be analyzed by 
injecting 10 ul of the instrument calibration standard onto a 
nitrate-washed 40 mg GAC column. The net response to the calibration 
standard shall be within 10 percent of the true value. 

A blank standard (10 ul of methanol injected onto 40 mg of nitrate
washed GAC) shall be analyzed before sample analysis. 

A nitrate-washed 
KN03 ) shall be 
determinations. 
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An instrument calibration standard shall be analyzed after every 
eight sample pyrolysis determinations. 

6.2.8 Calibration For Total Organic Carbon (TOG) 

This method converts the organic carbon in a sample to carbon dioxide by 

either catalytic combustion or wet chemical oxidation. The C02 formed is then 

measured directly by an infrared detector. Carbonate and bicarbonate represent 

an interference in this test and must be removed or accounted for in the final 

calculation. Removal of carbonate and bicarbonate by acidification and purging 

can result in the loss of volatile organic substances. In this laboratory the 

carbonate and bicarbonate shall be removed by converting them to C02 with 

degassing prior to analysis. 

The linear range for the instrument shall be checked quarterly using a 

series of standards. Daily, one instrument standard shall be analyzed in 

triplicate, and the response shall be within 10% of the true value. If not, the 

problem shall be corrected, and a new calibration procedure completed, before 

sample analysis. At least one blank shall be analyzed per day to assure that 

contamination or memory effects are not occurring. 

6.2.9 Calibration of the pH Meter 

pH is defined as the inverse logarithm of the hydrogen ion concentration 

[H+]. pH is required as a parameter for waters, compositionals, and leaching 

and wet chemistry test procedures. 

pH shall be' analyzed on one of two Corning 220 pH meters fitted with 

combination electrodes and automatic temperature control (ATC) probes. 
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Calibration shall be performed daily and when check standard results vary 

by ± 0.5 pH units of true value. 

A. The probe shall be placed in pH 7 buffer solution and the mode switch set 
to •c. (•c adjustment is set to readout value on Corning 220.) 

B. The mode switch shall be set to "ATC," and the "cal l" control set to read 
7.00. The probe shall be removed and rinsed with D.I. water. 

C. The probe shall be placed in pH 4 buffer solution, and the "cal 2" control 
adjusted to read 4.00. The probe shall be removed and rinsed with D.I. 
water._ 

D. The probe shall be placed in pH 10 buffer, and allowed to stabilize. The 
pH meter shall read 10.00 ± 0.05 pH units or it shall be recalibrated. 

E. The pH 10 buffer shall be checked periodically and recalibrated if the 
results are out of control. 

6.3 PERIODIC CALIBRATION (Table 6-6-2) 

Periodic calibration shall be performed for balances, thermometers, ovens, 

refrigerators, and freezer's which are not calibrated as part of an analytical 

procedure. Documentation of periodic calibration was previously discussed in 

Section 6.1.6. 

6.3.1 Calibration of Analytical Balances 

All balances shall be calibrated annually by an external agency using 

weights traceable to the National Bureau of Standards. Calibration shall be 

verified daily with reference weights (Class S or better), and the calibration 

shall be document.ed in a log book. 
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6.3.2 Calibration of Thermometers 

Certified thermometer(s) traceable to NBS shall be used to calibrate working 

thermometers. The certified thermometer(s) shall be recertified every three 

years. Working thermometers shall be compared to a certified thermometer every 

twelve months. 

Calibration. Obtain a mercury thermometer with a range of 0-200°c 
that is directly traceable to the National Bureau of Standards. 
Compare working thermometers yearly to this thermometer by placing 
them in a beaker of high purity water. Add several ice cubes 
prepared from a high purity water. Allow the bath to equilibrate 
and record the readings of all the thermometers. Apply heat to 
raise the bath about 20°C, equilibrate and read. Repeat until 100°c 
is reached. 

Extend the calibration above l00°C using fresh mineral oil. If the 
measured and traceable thermometer temperatures are within 0. 5 
degrees, prepare a correction table or graph. If the calibrations 
are> 0.5 degrees, discard the inaccurate thermometers. 

6.3.3 Calibration of Ovens. Refrigerators. and Freezers 

The temperature of all drying ovens, refrigerators and freezers shall be 

measured with a working thermometer daily and the temperature recorded in a log 

book. 

6.3.4 Calibration of the Fluoride Specific Ion Electrode 

The fluoride electrode is a selective ion sensor. The key element in the 

fluoride electrode is the laser-type doped lanthanum fluoride crystal across 

which a potential is established by fluoride solutions of different 

concentrations. The crystal contacts the sample solution at one face and an 

internal reference solution at the other. The fluoride electrode can be used 

with a standard calomel reference electrode and pH meter having an expanded 

millivolt scale. 
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The fluoride electrode measures the ion activity of fluoride in solution 

rather than concentration. Fluoride ion activity depends on the solution total 

ionic strength, pH, and on fluoride complexing species. Adding an appropriate 

buffer provides a uniform ionic strength background, adjusts pH, and breaks up 

complexes so that, in effect, the electrode measures concentration. 

Calibration 

An electrode check shall be performed daily to ensure that the 
electrode is in proper working order. 

A series of standards of 0.50, 1.00, 5.00, and 10.00 MG/L shall be 
prepared from the fluoride stock solution. 

50 mls of complexing agent (TISAB) and 50 mls of blank and standards 
shall be combined. 

The standards shall be read in order from lowest to highest, and the 
corresponding millivolt readings shall be recorded. 

The readings shall be input into the calculator and the curve 
calculated for acceptability. 

The calibration curve criteria shall be 0.995 for the r value. If 
this is not met, recalibration shall be mandatory. 

6.3.5 Calibration of the Visible Spectrophotometer 

Colorimetric tests such as TRN, ammonia, and phosphorus utilize either a 

Sargent-Welch 6-350 or PV-8650 Visible Spectrophotometer for their 

quantification. 

Calibration 

A. The instrument shall be turned on and allowed to warm up until a stable 
reading is obtained (approximately 30 min.). The wave length for the 
appropriate test shall be set. 

B. A series of three or more calibration standards and a calibration blank 
shall be processed with color development reagents appropriate to the given 
test. These calibration standards shall be read by the spectrophotometer 
and the absorbance of each recorded. The absorbance values and 
concentration values of standards and blanks shall be fitted to a linear 
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regression curve. A minimum correlation coefficient of 0.995 shall be 
achieved. 

C. A separate calibration verification standard shall be analyzed and be ± 
10% of the true value. 

D. A separate calibration blank shall be analyzed and fall below the detection 
limit. 

E. An outside reference sample shall be· analyzed and fall within the specified 
control limits. 

F. ·Continuing calibration verification standards shall be checked every 10 
samples with a result of ±10% of the true value. 

G. Continuing calibration blanks shall be read every 10 samples, and the value 
fall below the detection limit. 
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DFTPP KEY IONS AND ION ABUNDANCE CRITERIA 

ION ABUNDANCE CRITERIA 

30.0 · 60.0 percent of mass 198 

Less than 2.0 percent of mass 69 

Less than 2.0 percent of mass 69 

40.0 - 60.0 percent of amss 198 

Less than 1.0 percent of mass 198 

Base peak, 100 percent relative abundance 

5.0 - 9.0 percent of mass 198 

10.0 · 30.0 percent of mass 198 

Greater than 1.00 percent of mass 198 

Present but less than mass 443 

Greater than 40 percent of mass 198 

17.0- 23.0 percent of mass 442 
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MASS ION ABUNDANCE CRITERIA 

50 15.0 to 40.0 percent of mass 95 

75 30.0 to 60.0 percent of mass 95 

95 Base peak, 100 percent relative abundance 

96 5.0 to 9.0 percent of mass 95 

173 Less than 2.0 percent of mass 174 

174 Greater than 50.0 percent of mass 95 

175 5.0 to 9.0 percent of mass 174 

176 Greater than 95.0 percent, but less than 
101.0 percent of mass 174 

177 5.0 to 9.0 percent of mass 176 

Note: Whenever the laboratory takes corrective action which may 
change or affect the tuning criteria for DFTPP or BFB (e.g., 
ion source cleaning or repair, etc.), the unit must be verified 
prior to initiating sample analysis. 

DFTPP and BFB criteria should be met before any samples, sample 
extracts, blanks, or standards are analyzed. Any samples 
analyzed when tuning criteria have not been met may require re
analysis. 
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VOLATILE INTERNAL STANDARDS IJITH CORRESPONDING 
TCL ANALYTES ASSIGNED FOR QUAN'I'ITATION 

Bromochloromethane 

Chloromethane 
Bromomet:hane 
Vinyl Chloride 
Chloroet:hane 
Methylene Chloride 
Acel:one 
Carbon Disulfide 
1,1-Dichloroethene 
1,1-Dichloroet:hane 
1,2·Dichloroethene(tot.) 
Chloroform 
1,2-Dichloroethane 
2·Butanone 
l,2·Dichloroethane-d4 

(surr) 

1,4-Difluorobenzene 

1,1,1-Trichloroethene 
Carbon Tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,2-Dichloropropane 
trans-1,3-Dichloropropene 
Trichloroethane 
Dibromochloromethene 
1,1,2-Trichloroethane 
Benzene 
cis-1,3-Dichloropropene 
Bromoform 

(surr) - surrogate compound 

Chlorobenzene-d5 

2-Hexanone 
4-Methyl-2-Pentanone 
Tetrachloroethane 
1,1,2,2-Tetrachloroethane 
Toluene 
Chlorobenzene 
Ethylbenzene 
Styrene 
Xylene(total) 
Bromofluorobenzene 

(surr) 
Toluene-d8 (surr) 
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TABLE 6-4 

SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING TCL ANALYTES ASSIGNED FOR QUANTITATION 

------------------ ------------- ---- - ---------------· 
l,4-Dichlorobenzene-d4 Naphthalene-d8 

Phenol 
bis(2-Chloroethyl) 
ether 

2-Chlorophenol 
1,3-Dichlorobenzene 
1,4-Dlchlorobenzene 
Benzyl Alcohol 
1,2-Dichlorobenzene 
2-Methylphenol 
bis(2-Chloroiso-
propyl)echer 

4-Hethylphenol 
N-nitroso-Di-n
propylamine 

Hexachloroethane 
2-Fluorophenol 

(surr) 
Phenol-d6 (surr) 

Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimet:hyl· 
phenol 

Benzoic acid 
bis(2·Chloro• 

ethoxy)methane 
2,4-Dichloro
phenol 

1,2,4-Trichloro-
benzene 

Naphthalene 
4-Chloroaniline 
Hexachloro· 

bt..tadiene 
4-Chloro-3-
methylphenol 

2-Methylnaphth· 
alene 

· Nitrobenzene-d5 
( surr) 

Acenaphthene·d10 

Hexachlorocyclo-· 
pentadiene 

2,4,6-Trichloro
phenol 

2,4,5-Trichloro-
phenol 

2-Chloronaphthalene 
2 -NI.troanl.l ine 
Dimethyl Phthalate 
Acenaphthylime 
3-Nitroanillne 
Acenaphthen11 
2,4-Dinitrophenol 
4-Nitrophenol 
Dibenzofuran 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
Diethyl Phthalate 
4-Chlorophenyl 

phenyl ether 
Fluorene 
4-Nltroaniline 
2-Fluorobiphenyl 

(surr) 
2,4,6-Tribromo 
Phenol (surr) 

Phenanthrene-d10 · Chrysene-d12 Perylene-d12 

4,6-Dinitro·-2· 
methylphenol 

N-nltrosodi· 
phenylamine 

1,2-Dlphenylhy
drazine 

4-Bromophenyl 
Phenyl Ether 

Hexachloro
benzene 

Pentachloro-
phenol 

Phenanthrene 
Anthracene 
Di-n-butyl 

Phthalate 
Fluoranthene 

Pyrene 
Butylbenzyl 
Phthalate 

3,3'-Dichloro
benzidine 

Benzo(a)
anthracene 

bis(2-ethylhexyl) 
Phthalate 

Chrysene 
Terphenyl-d14 

(surr) 

Di·n-octyl 
Phthalate 

Benzo(b)fluor
anthene 

Benzo(k) fluor
anthene 

Benzo(a)pyrene 
Indeno(l,2,3-cd) 

pyrene 
Dibenz(a,h) 

anthracene 
Benzo(g,h,i) 
perylene 

-------- ------------------------------------------- ------------· 
Surr - surrogate compound 
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BASE/NEUTRAL FRACTION 

Acenaphthene 

1,4-Dichlorobenzene 

Hexachlorobutadiene 

TABLE 6-5 
CALIBRATION CHECK COMPOUNDS 

ACID FRACTION 

4-Chloro-3-Methylphenol 

2,4-Dichlorophenol 

2-Nitrophenol 

N·Nitroso-di-n-phenylamine Phenol 

Di-n-octylphthalate Pentachlorophenol 

Fluoranthene 2,4,6-Trichlorophenol 

Benzo(a)pyrene 
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VOLATILE FRACTION 

1,1-Dichloroethene 

Chloroform 

1,2-Dichloropropane 

Toluene 

Ethylbenzene 

Vinyl Chloride 
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TABLE 6-6-1 
SUMMARY OF OPERATIONAL CALIBRATION REQUIREMENTS 

INORGANIC 

Instrument 
Calibration Standards Used, 
Initial & Daily Minimum Acceptance Limits Corrective Actions Reference 

Atomic Absorption 
Spectrophotometer 

Inductively 
Coupled Plasma 
Emission Spec
trophotometer 

pH Meter 

Total Organic 
Carbon 

Total Organic 

Iriitial: 3 levels and blank 
Initial Calibration Verif. 
Initial Calibration Verif. 
QA Reference Sample 

Continuing: (every 10 samples) 
Midrange Calibration Verif. 
Continuing Calibration Verif. 

Initial: 2 leves and blank 
Initial Calibration Verif. 
Initial Calibration Blank 
QA reference sample 

Continuing: (every 10 samples) 
Midrange Calibration Verif. 
Continuing Calibration Blank 

Daily: · 1 level 

Daily: 1 level + blank 

Daily: 1 level + blank 

r value > 0.995 
± 15% of true value 
± Abs. Dif. of IDL 
± 20% of true value 

± 15% of true value 
± Abs. Dif. of IDL 

r value > 0.995 
± 10% of true value 
± Abs. Dif. of IDL 
± 20% of time value 

± 10% of true value 
± Abs. Dif. of IDL 

±0. OS pH unit 

±10% of true value 

±10% of true value 

References: 1) EPA SW-846, "Test Methods for Evaluating Solid Waste". 
2) USEPA Methods for Chemical Analysis of Water and Wastes, 1979. 
3) USEPA 200.7, 1982. 
4) CLP - Statement of Work 
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Make new standards 
or establish new 
calibration curve 

Make new standards or 
establish new 
calibration curve 

1,2,4 

3,4 

Clean or replace electrode;l 
recalibrate 

Make new standards 1 

Make new standards 1 
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TABLE 6-6-2 
SUMMARY OF OPERATIONAL CALIBRATION REQUIREMENTS 

ORGANIC 

Instrument 

GC/MS 

Gas Chromatograph 

Calibration Standards Used, 
Initial & Daily Minimum 

Initial: 
Daily: 

Initial: 
Daily: 

5 levels 
1 level 

3 levels 
1 level of check 
standards 

Acceptance Limits 

%RSD <30% 
±5% of initial curve 

Calibration factor % RSD 
< 10%; 
±10% of original curve 

References: 1) EPA SW-846, "Test Methods for Evaluating Solid Waste". 
2) USEPA Methods for Chemical Analysis of Water and Wastes, 1979. 
3) USEPA 200.7, 1982. 
4) CLP - Statement of Work 
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Corrective Actions 

Make new standard 
recalibrations 

Make new standards, 
or establish new 
calibration curve 

Reference 

1,4 

1,4 
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TABLE 6-7 
SUMMARY OF PERIODIC CALIBRATION REQUIREMENTS 

Instrument 

Analytical 
Balance 

Thermometers 

Calibration Frequency 

Daily: Class S weights 
Annually: External Agency 

Calibrate in constant 
temperature baths at two 
temperatures against precision 
thermometers certified by NBS 
annually 
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Acceptance Limit 

0.1 mg 
0.1 mg 

±o.s·c 

Corrective Actions 

Service Balance 
Service Balance 

Tag and remove from 
service, replace 
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7. 0 PREVENTIVE MAINTENANCE 

Revision No. 0 
Date: January !, 1989 
Page 1 of 6 

Preventive maintenance is an organized program to maintain proper 

instrument and equipment performance and to prevent instruments and 

equipment from failing during use. It considers instruments, equipment 

and parts that are subject to wear, deterioration or other changes in 

operational characteristics; spare parts that should be available to 

minimize downtime; and the frequency that maintenance is required. 

Group supervisors shall be responsible for the preparation, 

documentation and implementation of the preventive maintenance 

program. The Laboratory Director, or his designee, shall be responsible 

for verifying compliance. Each Group Supervisor shall maintain a 

listing of the instruments and equipment that is included in the program 

and the frequency of maintenance based on the manufacturer's 

recommendations and/or previous experience with the equipment. 

Preventive maintenance shall be documented as follows: 

1. The master schedule shall be kept at the beginning of the 
Organic or Inorganic Group maintenance records in the Group 
Supervisor's office. 

2. A separate file shall be maintained for each instrument and 
shall include: 

• 

Spare parts list 

External service contracts 

Checklist of items to be serviced and directions for 
maintenance or manufacturer's instrument manuals. 

Records of periodic mainte~ance. 

The record of maintenance shall note any parts which are replaced, 

observed deterioration, etc. Table 7-1 summarizes the requirements for 

the RMT Laboratory. 
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Instrument 

Atomic Absorption 
Spectrophotometer 

Gas Chromatograph 

Table 7-1 
Preventive Maintenance Guidance 

Item Checked/Serviced 

3 point calibration performed 
Burner head 
Electrical 
Lamps 
Nebulizer 
Optics 
Pump 
Tygon tubing 
Graphite tube 
Replace graphite tube 
Replace contact rings 
Replace quartz windows 
Clean optics 
Align background lamp 
Check wave length 

EC (Ni-63) wipe test 
Replace column packing 
Clean detector 

Change column 
Change glass wool plug 
Clean insert 
Replace septum 
Gases purity checks 
Flow controller 
Purge and trap 
Reactivate external carrier gas filler dryers 
Reactivate flow controller filter dryers 
Clean and silanize or replace glass liners on 

injectors 
Clean detectors a) 

b) 
ECD 
FID/NPD 

**Determined by calibration criteria. 

Frequency 

When serviced by repairman 
Each shift 
Each shift 
Each shift 
Each shift 
Quarterly 
Each shift 
Each shift 
As necessary 
As needed, or 800-1000 samples 
Quarterly 
Semi annual 
Quarterly 
Quarterly 
Quarterly 

Semi annual 
As needed* 
As needed or EC semi annually; 
FID monthly 
As needed* 

* 
* .. 
* 
* 
* 
* ""' 
* 
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As needed or quarterly 0 <.. 
~~ 

As needed " ' "'"' As needed or annually 
~· 
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Instrument 

Table 7-1 (Continued) 
Preventive Maintenance Guidance 

Item Checked/Serviced 

Clean Purge Vessel 
Replace Purge Vessel 
Bake Trap 
Replace Trap 
Replace carbon filter 

Frequency 

As needed or monthly 
As needed 
As needed 
Semi annually 
Annually 

GC/MS GC/MS maintenance is the same as GC with the following additions: 

Diffusion pump oil 
Mechanical pump oil 
Power Con. air filter 
QEM filter 
Water bay filter 
Interface Box 
Vacuum chaff filter 
Turbo pump oil 
Computer air filter 
Card cage air filter 
Source-clean ceramics, polish lenses 
Clean poles and ceramics on the poles 
Clean contacts on the component boards 
Vacuum the component boards 
Clean all fan screens 
Clean grob and replace quartz insert 
Replace septum 
Injection port liner checked 
Column maintenance 
Disk Drive 
Printer 
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Bi-weekly 
Quarterly 
Bi-weekly 
Bi-weekly 
Bi-weekly 
Bi-weekly 
Monthly 
Quarterly 
Monthly 
Monthly 
As needed 
As needed 
As needed 
As needed 
Weekly 
As needed 
Daily (each shift) 
Daily 
As needed 
Semi annual or as needed 
Quarterly 
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Instrument 

Inductively Coupled 
Plasma 
Spectrophotometer 

pH Meter 

Total Organic Carbon 
Instrument 

HPLC 

Refrigerators 
Walk-in Coolers 

Table 7-1 (Continued) 
Preventive Maintenance Guidance 

Item Checked/Serviced 

Sample introduction system 

Vacuum checks 
Heater 
Check electronics 
Clean, realign torch 
Clean nebulizer 
Clean mixing chamber 
Check nebulizer press 
Replace pump tubing 
Software file cleanup 

Electronics checked 
Electrolyte changed 

Change tin moisutre trap 
Change pump tubing 

Oil levels 
Filters 
Pump Drives 

Temperature checked and logged 
Temperature checked and logged 
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Frequency 

Daily 

Daily 
Daily 
Daily 
Weekly 
Weekly 
Weekly 
Daily 
Daily 
Weekly 

Daily 
Checked weekly, changed 

Monthly 
Monthly 

Weekly 
Monthly 
Quarterly 

Daily 
Dally 
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Table 7-1 (Cont'd) 

Total Organic Halide 
Instrument 

Change Quartz Furnace Inlet 
and Outlet Tubes. Replace 
Titrant in Titration Cell 
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Weekly 

Daily Log Book 
Manufacturer's 
Manual 
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Instrument 

Balances 

Deionized/Organopure 
Water 

Vacuum Pumps and 
Air Compressor 

Analytical Balance 

Table 7-1 (Continued) 
Preventive Maintenance Guidance 

Item Checked/Serviced 

Service representative calibration 

ConductivitY check 

Ion exchange bed changed 
Replace filters 
Check performance 
Lubrication, belts, ect. 

Internal Weight Train, Gears, Electronics 

20,96:RTE:QAmanualT 

Frequency 

Annually 

Daily 

Weekly 
As needed 
Weekly 
As needed 

Annual Service 

""' • • 
""~ ro ro 

"' 
0 '

~· , ' "' " ( .. 
" '-< ' 
.... 
.... .., 
00 

"' 



Revision No. 0 
Date: January 1, 1989 
Page 1 of 8 

8.0 ANALYSIS OF QUALITY CONTROL SAMPLES 

Quality control samples are of known content and concentration 

(with the exception of field blanks) so that accuracy, precision and 

contamination can be determined and quality control charts prepared. 

Table 8-1 summarizes all of the types of quality control samples which 

might be utilized by field and laboratory personnel. Quality control 

samples shall be analyzed as recommended in this section unless the 

project specifies a different procedure. 

8.1 QUALITY CONTROL LEVELS 

As can be seen from the following paragraphs, there are many types 

of QC samples which may be applied to different projects at varying 

frequencies. These may not be reported to the client, may be reported 

in summary fashion, or may be reported in detail with all raw data 

provided. The cost to the laboratory and the client shall depend on 

which levels of QC are analyzed and reported. The level of QC must be 

specified at the time that the samples are submitted. RMT standard 

practice is listed in Table 8-1. A surcharge shall be added if the QC 

must be reported, and a per sample charge shall be billed for any 

additional required QC samples. Project specific requirements should be 

discussed with the laboratory before the samples are taken. Normally, 

at least fifteen percent QC samples (blank, spike, duplicates) shall be 

analyzed in the RMT laboratory. 
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8.2 TYPES OF QUALITY CONTROL SAMPLES 

8.2.1 Trip (Travel) Blank Analyses 

Kevision No. 0 
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Page 2 of 8 

Volatile organics samples are susceptible to contamination by 

diffusion of organic contaminants through the Teflon-faced silicon 

rubber septum of the sample vial. Trip blanks, prepared by filling two 

40-ml VOA vials with organic free water, shall be shipped with the field 

kit, and follow the sample bottles through the field collection and 

shipment to the laboratory. If the trip blank is contaminated, 1) the 

data_ shall be qualified; or 2) the samples shall be retaken; or 3) the 

detection limit shall be increased depending on the extent of the 

contamination; or 4) an additional trip blank shall be analyzed if 

available. 

8.2.2 Field Blank Analyses 

A field blank is a volume of deionized water, or purified soil, 

that is placed into sample containers at the site by the sample takers 

and is shipped with the field samples. If the field blank is 

contaminated, 1) the samples shall be corrected for the field blank; or 

2) the samples shall be retaken; or 3) the detection limit shall be 

increased. 

8.2.3 Rinsate Blank Analyses 

A rinsate blank is a volume of deio~ized water or organic solvent 

that is 'used to rinse a sampling tool which contacts multiple samples 

to demonstrate that there is no residual contamination remaining on the 

tool to carry over to succeeding samples. If the rinsate blank is 

contaminated, 1) the samples shall be retaken; or 2) the detection limit 

shall be increased depending on the extent of the contamination. 
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8.2.4 Method Blank Analyses 
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A method blank is a volume of deionized water or sample of purified 

soil/sediment that is carried through the entire analytical procedure to 

verify that interferences caused by contaminants in the solvents, 

reagents, glassware, etc. are known and minimized. A method blank shall 

be analyzed with each group of samples. Ideally, a method blank shall 

be below the MDL for the compounds of interest, except common laboratory 

solvents: methylene chloride; acetone; toluene; and 2-butanone which 

shall be permissible to five times the method detection limit. The 

method blank for semi-volatiles shall contain less than or equal to five 

times the CRDL for the phthalate esters in the Toxic Compound List. 

8.2.5 Duplicate Sample Analyses 

Duplicate analysis shall be used to calculate the precision 

(relative percent difference) of an analysis. 

8.2.6 Check Standard Analyses (Calibration Verification) 

Because standards and calibration curves are subject to change, a 

midpoint standard or check standard is frequently analyzed with each 

group of samples to verify the curve and, in some cases, to serve as the 

entire calibration. This value shall be recorded in the instrument 

calibration log whenever it is performed. 
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8.2.7 Surrogate Standard Analyses 

Revision No. 0 
Date: January 1, 1989 
Page 4 of 8 

For GC/MS analysis, all samples and blanks shall be fortified with 

surrogate spiking compounds before purging or extraction to monitor 

sample preparation and analysis. Recoveries shall meet EPA acceptance 

criteria. At least one method blank shall meet EPA criteria, or the 

samples shall be re-extracted, or a nonconformance report filed. 

8.2.8 Laboratory Matrix Spike Analyses 

.To evaluate the effect of the sample matrix upon analytical 

methodology, a separate aliquot sample is spiked with the analyte of 

interest and analyzed with the sample. If the percent recovery falls 

outside established limits, the sample data shall be carefully evaluated 

to determine what remedial action is required. 

8.2.9 Laboratory Matrix Spike Duplicate Analyses 

A separate aliquot sample is spiked with the analyte(s) of interest 

and analyzed with the associated sample and sample matrix spike. If the 

relative percent difference is outside established limits, the sample 

data shall be carefully evaluated to determine what remedial action is 

required. 

8.2.10 Blank Spike Analyses (Laboratory Control Sample) 

A blank spike is a volume of deLonized water or a sample of 

purified soil/sediment that is spiked with the analytes of interest and 

carried through the entire analytical procedure to demonstrate that the 

laboratory techniques for this method are in control. This sample is 

recommended in conjunction with matrix spike/matrix spike duplicate 
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samples where severe matrix interferences are anticipated. If the 

matrix spike/matrix spike duplicate shows poor recoveries while the 

blank spike sample is acceptable, this is strong evidence that the 

method has been performed correctly by the laboratory but that matrix 

interferences have affected the results of these samples. It is also 

used in place of the matrix spike analysis. 

8.2.11 Internal Standard Spike Analyses 

·This is an analyte which is added to the sample just prior to 

analysis to assist in quantitation and to indicate short-term instrucent 

performance. 

8.2.12 Replicated Sample Analyses 

This is a sample that has been divided into two or more portions, 

each of which is carried through the remaining steps in the measurement 

process. 

8.2.13 Split Saaple Analyses 

A split sample is a sample divided into two or more portions which 

are analyzed by different organizations. 

8.2.14 Interlaboratory (Round Robin) Verification Sample Analyses 

The laboratory may choose to participate in a testing program for 

organic and inorganic parameters which are common to several 

laboratories. A report on the "true" values, acceptable ranges and 

laboratory reported values are usually sent to the participating 

laboratories after study completion. 
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Type 

Trip 

Purpose of Sample 

40-ml VOA vial filled with 
organic fee water and taken 
with field sample collection 
kit. Used to verify that 
contamination of soil/water 
VOA samples has not occurred 
due to shipment and sample 
containers being in field. 

Table 8-1 
Quality Control Samples 

Applicability 
Frequency Inorganic Organic 

Specified in 
Project Workplan 

X 

Field Blank A volume of "clean" Specified in X X 
collection media is added Project Work-
to the container to verify plan 
absence of field contamination. 

Rinsate Rinse of field sample Specified in X X 
Blank collection equipment to verify Project Workplan 

cleanliness, eliminate carry-
over of contamination to 
later samples. 

Method Blank The analysis is performed With each X X 
using only the reagents and group of samples, 
solvents used in the method, or beginning and 
Determines cumulative end of each run. 
interference. If inter- For GC/MS, method 
terence cannot be eliminated is spiked with 
it must be considered when surrogates. 
computations are performed. 
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Accuracy & 
Precision 
Application 

Accuracy 

Accuracy 

Accuracy 

Accuracy 

Introduced by 
Field Sampler/ 
Analyst/QC Coordinator 

Supplier of Containers 

Field Sampler 

Field Sampler 

Analyst 
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Type 

Duplicate 

Check 

Surrogate 

Spiked 
Samples 
(Laboratory 
Matrix 
Spikes) 

flatrix Spike 
Duplicate 

Purpose of Sample 

An aliquot of a sample known 
to Analyst. Calculate 
Relative Percent Difference. 

Analysis of standard with 
concentrations at midpoint 
or low end of standard curve 
to verify standard calibration 
curve. 

For GC/MS analysis, the 
addition of nonpriority 
pollutants as spikes in 
standards, method blanks 
and samples. 

A known concentration of a 
specific parameter is added 
to an aliquot of a sample 
with the matrix of interest. 
Percent recovery is determined 
and spike is compared against 
an unspiked aliquot. 

Percent recovery is 
determined and compared 
against matrix spiked sample. 

20.96:RTE:QAmanualT 

Table 8-1 (Continued) 
Quality Control Samples 

Frequency 

At least, 
1 out of 20 

With each 
group of 
samples. 

Applicability 
Inorganic Organic 

X X 

X 

Accuracy & 
Precision 
Application 

Precision 

Accuracy 

All standards, 
method blanks, 
and samples. 

X Accuracy 

At least 
1 out of 20 
or 1/batch 

At least, 
1 out of 20 or 
1/batch 

X 

GC/MS only 

X Accuracy 

X Both 

Introduced by 
Field Sampler/ 
Analyst/QC Coordinator 

Analyst 

Analyst 

Analyst 

Analyst 

Analyst 
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Type Purpose of Sample 

Blank Spike Blank material spiked with 
parameters of interest. 
Recovery evaluated for proper 
execution of technique or 
analytical method, 

Internal 
Standards 

Replicated 
Sample 

Split 
Sample 

Nonpriority pollutant spiked 
into sample and method blank 
after extraction to monitor 
instrument performance and 
sensitivity should surrogate 
standards indicate a problem. 

Collected sample that has 
been split into two or more 
parts i~ the field, sent to 
the same laboratory for 
analysis. 

Sample split into two or 
more portions, and sent to 
several laboratories for 
analysis. 
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Table 8-1 (Continued) 
Quality Control Samples 

Frequency 

At least 1 
out of 20 or 
1/batch with 
MS/MSD pair 

Each sample 
and standard 

Specified in 
Project Work-
plan 

Specified in 
Project Work
plan 

Applicability . 
Inorganic Organic 

X 

GC/MS VOA 
and Base-
Neutral/ 

Acid 
Analysis 

X X 

X X 

Accuracy & 
Precision 
Application 

Accuracy 

Accuracy 

Precis ion 

Precision 

Introduced by 
Field Sampler/ 
Analyst/QC Coordinator 

Analyst 

Analyst 

Field Sampler 

Field Sampler or 
QC coordinator 
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9.0 ANALYTICAL PROCEDURES 

9.1 ANALYTICAL METHODS 
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\lhenever possible, the RMT Laboratory shall use recognized 

analytical methods from the USEPA, APHA, ASTM, NIOSH or Standard Methods 

for the Examination of Water and Wastewater (see Table 9-1). 

9.2 DETECTION LIMITS 

All methods have detection limits below which an analyte cannot be 

measured accurately. A detection limit quantity usually shall be 

reported as a less than value (<). This does not mean that an analyte 

is not present but only that, if it is present, it is at levels below 

the detection limit. For results produced by USEPA CLP methods, values 

below the detection limit may be reported inside brackets [ I as 

"estimated concentrations." It is important to remember that detection 

limits are highly matrix dependent and the detection limits listed in 

the method are provided for guidance and may not always be achievable. 

9.2.1 Inorganics 

lfet chemical techniques for nutrient, demand, and mineral 

constituents are relatively free from interferences in the analysis of 

aqueous samples. Analyses of these constituents in solid phase samples 

are not routinely performed. High concentrations of any of these 

analytes require dilution of the sample, .with corresponding changes to 

detection limits. 
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9.2.2 Metals 
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The instrument Detection Limits (IDL) shall be determined by 

multiplying by 3, the average of the standard deviations obtained on 

three nonconsecutive days from the analysis of a standard solution (each 

analyte in reagent water) at a concentration 3x-Sx IDL, with seven 

consecutive measurements per day. Each measurement shall be performed 

as though it were a separate analytical sample (i.e., each measurement 

shall be followed by a rinse and/or any other procedure normally 

perf_ormed between the analysis of separate samples). IDL' s shall be 

determined and reported for each wavelength used in the analysis of the 

samples. 

9.2.3 Organics 

The instrument shall be calibrated at three-to-five 

concentrations. The method detection limit (MDL) is an instrument 

parameter and is the point at which the data are significantly above 

baseline and within the linear range so that data can be reported 

without qualifiers. This point may be synonymous with the practical 

quantitation limit (PQL from SW846) or the limit of quantitation (LOQ 

from the USEPA Contract Laboratory Program). The PQL and LOQ are matrix 

dependent and will vary. 

For GC/MS, values shall be reported from the instrument detection 

limit (IDL) to the MDL with a "J" qualifier to indicate it is an 

estimated value. Substances which are not detected shall be indicated 

with a "U" qualifier. Compounds which exceed the calibration range 

shall be indicated with an "E" qualifier. Since the values shall still 

be within the linear range of the instrument, the value may be reported 
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but a statement must be made in the case narrative. Points beyond the 

linear range shall be diluted or re-extracted if enough sample is 

available. All exceptions shall be stated in the case narrative. 

Other qualifiers include the following: 

c - pesticide peak confirmed by GC/MS 

B - analyte also found in the blank 

D sample was diluted 

A- TIC is an aldol-condensation product 

X, Y ,Z - laboratory-specific flags 

9.3 VARIANCE FROM STATED ANALYTICAL METHODS 

Analyses shall be performed in accordance with approved methods 

unless specific project requirements or needs dictate adoption of an 

alternate method or modification of the cited methods. If analysis is 

performed in an alternate manner, the method shall be documented in the 

project methods. 
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Method References 
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l, Federal Register, Volume 44, No. 223, December 3, 1979, 40 CFR Part 
136, pp. 69464 to 69575. 

2. "Guidelines Establishing Test Procedures for the Analysis of 
Pollutants under the Clean Water Act," CFR Part 136, October 26, 
19B4. 

3. "Methods for Benzidine, Chlorinated Organic Compounds, 
Pentachlorophenol, and Pest:icides in Water and Wastewater," 
Environmental Monitoring and Support Laboratory, U.S. Environmental 
Protection Agency, Cincinnati, Ohio, September 1978. 

4. "The Analysis of AroiOatic Chemicals in Water by the Purge and Trap 
Hethod," Hethod 503.1, U.S. Environmental Protection Agency, 
Physical and Chemical Methods Branch, Cincinnati, Ohio, May 1980. 

5. ·"Methods for Analysis of Inorganic Substances in Water and Eluvial 
Sediments," U.S. Department of the Interior, U.S. Geological 
Survey, Open-File Report 85-495, 1986, and USGS TWRI, Book 5 (1972 
and 1979). 

6. "Official Methods of Analysis of the Association of Official 
Analytical Chemists," methods manual, 14th ed., (1985). 

7. Standard Methods for the Examination of Water and Wastewater 
American Public Health Association. 

B. "Test liethods for Evaluating Solid Waste, Physical/Chemical 
Methods," SW-846, USEPA, (July 1982 and September 1986). 

9. "Methods for Chemical Analysis of Water and Wastes," EPA 600/4-79-
020, U.S. Environmental Protection Agency, March 1979. 

10. "Annual Book of Standards, Part 31, Water," American Society for 
Testing and Materials. 

11. "American National Standard on Photographic Processing Effluents,". 
American National Standards Institute (ANSI). 

12. The Determination of Polychlorinated Biphenyls in Transformer Fluid 
and Waste Oils," Physical and Chemical Methods Branch, 
Environmental Monitoring and Support Laboratory, USEPA, Cincinnati, 
Ohio, April 1981. 

13. "Interim Methods for the Sampling and· Analysis of Priority 
Poliutants in Sediments and Fish Tissue," Physical and Chemical 
Methods Branch, Environmental Honitoring and Support Laboratory, 
USEPA, Cincinnati, Ohio, (April 1981). 

14. Manual of Analytical Methods for Analysis of Pesticides in Human 
and Environmental Samples, USEPA, EPA 600/8-80-038 (June). 
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10.0 DATA VERIFICATION 
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Data verification requires: 1) the review of quality control 

samples for accuracy, precision and completeness, and 2) the review of 

sample data to ensure that the numerical computations are correct and 

properly reported. 

10.1 PROCESSING OF QUALITY CONTROL DATA 

10.1•1 Procedures Used to Assess Data Precision and Accuracy 

Review of quality control data shall address the following 

criteria: 

Reagent Blank Evaluation- If high blank values are observed 
(usually 2 to 5 times the detection limit), laboratory 
glassware and reagents shall be checked for contamination. 

Field Trip Evaluation If high values are found, the 
procedures for sample collection, shipment and laboratory 
analysis shall be reviewed. If both the reagent/method blank 
and the trip blank contain significant contamination, the 
source is probably within the laboratory. High field blank 
readings may be due to contaminated sample bottles or cross
contamination due to poorly sealed containers. 

Calibration Standard Evaluation - The daily calibration curve 
shall be evaluated to determine linearity through its full 
range, and that sample values are within the range defined by 
the low and high standards. If the curve is not linear (r .) 
0,995), the calibration curve shall be rerun. In some cases~ 
sample values must be corrected for nonlinearity by deriving 
sample concentrations from a graph or by using an appropriate 
algorithm to fit a nonlinear curve to the standards. 

Duplicate Sample Evaluation - The duplicate results shall be 
used to calculate the precision for the sample matrix as 
defined by the relative percent difference (RPD). If the 
precision value exceeds the control limit, the reason for the 
nonconformance shall be determined and documented. Corrective 
action may include re-analysis. 

Matrix and Blank Spike Evaluations - The observed recovery of 
the matrix spike versus the theoretical spike recovery shall 
be used to calculate accuracy as defined ·by the percent 
recovery. If the accuracy value exceeds the control limit, 
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the reason for nonconformance shall be determined and 
documented. Corrective actions may include re-analysis for 
the parameter in question. If interferences are present in 
the samples spiked, a blank spike cay be used to demonstrate 
that the laboratory technique is in control. 

Check Standard Evaluation - The results of check standard 
analysis shall be compared with the original calibration 
curve, and the relative percent difference of the check 
standard shall be calculated to determine if the calibration 
system is in control. If correction is required, the check 
standard shall be re-analyzed to demonstrate that the 
corrective action has been successful. 

Surrogate Standard Evaluation The results of surrogate 
standard determinations shall be compared with the true values 
spiked into the sample matrix prior to extraction and analysis 
and the percent recoveries of the surrogate standards shall be 
determined. Percent recoveries attained shall be in 
accordance with current EPA recommendations/requirements or 
laboratory-generated control limits (VOA, BNA, pesticides). 

Analysis Matrix Spikes Evaluation - Suppression or enhancement 
of· instrument signal levels is demonstrated when recoveries 
are lowered or raised, respectively. Matrix-suppressing 
agents may be added to the sample or the extract to reduce 
such effects in routine sample analysis when the evaluation 
indicates samples are affected in this manner. One to three 
levels of analysis matrix spike concentrations shall be used 
to determine the unaffected concentration level native to the 
sample. The observed recovery versus the theoretical recovery 
shall be used to calculate the accuracy as defined by the 
percent recovery. If the accuracy value exceeds the control 
limits, the reason for the conformance shall be determined. 
Corrective action may include re-analysis (metals). 

10.1.2 Control Charts 

Control charts for precision and accuracy shall be established for 

all major organic and inorganic parameters. A minimum of 20 data points 

shall be used to establish control limits. Warning limits of two 

standard deviations and control limits . of three standard deviations 

shall be used in most cases. If control limits become too narrow, the 

iaboratory may choose to adopt wider limits based on regulatory 

requirements. 
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10.1.2.1 Calculation of Precision 
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The precision or relative percent difference (RPD) is defined as 

the difference (range) of each replicate set, divided by the average 

value (mean) of the replicate set, times 100. For replicate results n1 

and n2 , the RPD shall be calculated: 

RPD % z X 100 

2 

lfuen the RPD is obtained for at least 20 replicate pairs, the average 
RPD and the standard deviation shall be calculated using: 

n n 

L: m. L: (m-iii) 2 
m = 1 Sm i:l = i = 1 

n n-1 

where 
m • The RPD of a replicate pair, 
~=The average of the Relative Percent Difference determinations, 
Sm = The standard deviation of the data set of RPD determinations, 

and 

n = The number of RPD determinations. 

lfuen constructing a control chart for a specific parameter, the Warning 
and Control Limits shall be calculated from the following: 

Upper Control Limit • m + 3 Sm 
Upper Warning Limit a m + 2 Sm 

10.1.2.2 Calculation of Accuracy 

The accuracy or percent recovery (%R) is defined as the observed 

concentration of the spike, times 100. 

%R = 
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where 

The true 

i.R = The 
01 =The 
Os = The 
Ti = The 

Percent Recovery 
Observed Spiked Sample 
Sample Concentration 
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Concentration 

True Concentration of the Spike 

Concentration shall be calculated: 

Spike Concentration [c] (mg/L) x Volume of Spike (in mL) 
T1 = Volume of Sample (in mL] +Volume of Spike [in mL] 

When the Percent Recovery is obtained for at least twenty spiked 
samples, the mean percent recovery and the standard deviation shall be 
calculated using the formula: 

and 

where 

n 

n-1 

%R • The Mean Percent Recovery 
%R1 • The Percent Recovery of a Single Spiked Sample 
n • The number of results 
SR • The Standard Deviation of the data set of Percent 
Recovery determinations 

The warning and Control Limits shall be calculated from the following 
equations: 

Upper Control Limit • %R + 3 SR 
Lower Control Limit • %R - 3 SR 
Upper Warning Limit • %R + 2 SR 
Lower Warning Limit = %R - 2 SR 

10.2 DATA VALIDATION (See Figure 10-1) 

Data shall be generated by trained analysts (see Section 16. 0) 

using approved methods and in-control instruments. Data va~idation 
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shall include sample identification, calculation errors, and transmittal 

or transcription errors. The final report shall be reviewed and signed 

by the Laboratory Director or his designee. 

10.2.1 Data Processing 

Data may be manually computed, input into a computer for processing 

or calculation, or directly acquired from a computer. 

If data are manually processed by the analyst, all steps in the 

computation shall be provided including equations used and the source of 

input parameters such as response factors, dilution factors, and 

calibration constants. These shall be performed on the data sheet or on 

an RMT Computation Sheet which shall be initialed and dated by the 

analyst and attached to the data sheets. 

For data entered and processed in a computer, the analyst shall 

indicate on a copy of the input the sample(s) or project number, sign 

and date the copy, and attach it to the data sheets. 

For data acquired directly from the computer, the analyst shall 

verify that all parameters (project/sample numbers, response factors, 

units, detection limits, etc.) are correct. The analyst shall sign and 

date the output. 

10.2.2 Review of Data Processing 

One hundred (100) percent of all data shall be checked by a second 

analyst. 

The independent analyst shall check for correct interpretation of 

charts, for proper equations and calculations, and for correct data 

input. All entries and calculations that are reviewed shall be 
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indicated with a checkmark or highlighted in yellow or blue ink. The 

checker shall initial and date in ink all pages of the data package 

(except for printouts such as chromatograms). 

If the checker disagrees with a number, the checker shall mark 

through the number with a single line, place the revised number above 

it, and initial the change. Any changes shall be back-checked by the 

data originator so that any differences may be quickly resolved. 

In the same manner, at least 20 percent of all computer input 

entries shall be checked and agreement indicated by a checkmark or 

highlighting. Errors shall be marked through with a single line, the 

correct figure listed above, and the data reprocessed using the 

corrected input. 

All data entered into the Laboratory Information Management System 

by administrative staff shall be checked for input errors by a second 

employee. 

10.2.3 Review of Laboratory Reports 

All laboratory reports shall be reviewed by the Group Supervisor 

who shall initial and date a lab report review routing slip. Then, the 

laboratory report shall be reviewed and signed by the Laboratory 

Director or his designee. 

10.3 VERIFICATION OF SOFTWARE 

Computer software shall be verified by running sample problems that 

test all the options of the software and by comparing the values to hand 

calculations. Software shall be verified on an annual basis or whenever 

it is modified. The analyst shall document this procedure by signing 

and dating both the computer output and the hand calculations. 
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12.0 RECORD MANAGEMENT 

Laboratory records fall into two major categories: 

Documents which reflect overall laboratory operation such as 
instrument log books and control charts. 

Documents which are specific to a group of samples such as 
chain of custody and raw analytical data. 

A good records management systemkeeps records secure, complete and 

retrievable. All laboratory records from time of sample receipt through 

data reporting and sample disposal shall be available if requested by 

clients or an authorized regulatory agency or court. 

12.1 GENERAL LABORAIORY OPERATIONS RECORDS 

The following records shall be maintained by the laboratory: 

Master Sample Log - A chronological record of all samples 
entering the laboratory shall be maintained in the sample log
in area. 

Instrument and Calibration Maintenance Logs - A separate log 
shall be maintained for each instrument listing all 
maintenance and calibration performed in-house or by outside 
groups. These logs shall be maintained in the laboratory 
during use and then archived in the main office. 

Performance Evaluation Records - A record shall be maintained 
in the Main Office of all laboratory participation in any 
performance evaluation program (DNR, USEPA, etc.). Copies 
shall also be kept in the laboratory, and by the laboratory 
Quality Control Coordinator. 

Certification Program Records - Records shall be maintained in 
the Main Office of all correspondence, analytical data, agency 
results and certification of performance from all 
certification programs. 

Control Charts - Charts shall be filed chronologically for 
each parameter. Current charts shall be maintained in the 
laboratory and old charts archived for three years. 

Purchased Material Certificates - Information which 
that purchased materials meet the requirements 
laboratory shall be maintained in the laboratory. 
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The format and content of the laboratory data report will vary 

depending on project or client needs, contract and regulatory 

requirements, and the need for method numbers or explanatory text. 

Each page shall list client, project number (if applicable), field 

and laboratory identification, and sample date (if known). Data shall 

be presented in a tabular format whenever possible. 

Data listed on the report shall include parameters analyzed, 

reported values, regulatory limits (if applicable), and units of 

measurement. Detection limits shall be indicated by a "less than" sign 

(<) or appropriate qualifiers. If necessary, case narrative text shall 

be included in the report or~ in a separate letter of transmittal. All 

reports shall be signed by the Laboratory Director or his designee. Any 

analytical results communicated verbally shall be considered preliminary 

until data are sent in hard copy. A Verbal Results Log shall be 

maintained in Client Services to record all verbal results given to 

laboratory clients. 
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12.0 RECORD MANAGEMENT 

Laboratory records fall into two major categories: 

Documents which reflect overall laboratory operation such as 
instrument log books and control charts. 

Documents which are specific to a group of samples such as 
chain of custody and raw analytical data. 

A good records management system keeps records secure, complete and 

retrievable. All laboratory records from time of sample receipt through 

data reporting and sample disposal shall be available if requested by 

clients or an authorized regulatory agency or court. 

12.1 GENERAL LABORATORY OPERATIONS RECORDS 

The following records shall be maintained by the laboratory: 

Master Sample Log - A chronological record of all samples 
entering the laboratory shall be maintained in the sample log
in area. 

Instrument and Calibration Maintenance Logs - A separate log 
shall be maintained for each instrument listing all 
maintenance and calibration performed in-house or by outside 
groups. These logs shall be maintained in the laboratory 
during use and then archived in the main office. 

Performance Evaluation Records - A record shall be maintained 
in the Main Office of all laboratory participation in any 
performance evaluation program (DNR, USEPA, etc.). Copies 
shall also be kept in the laboratory, and by the laboratory 
Quality Control Coordinator. 

Certification Program Records - Records shall be maintained in 
the Main Office of all correspondence, analytical data, agency 
results and certification of performance from all 
certification programs. 

Control Charts - Charts shall be filed chronologicslly for 
each parameter. Current charts shall be maintained in the 
laboratory and old charts archived for three years. 

Purchased Material Certificates - Information which 
that purchased materials meet the requirements 
laboratory shall be maintained in the laboratory. 
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Audit Records - Formal audit reports of internal and external 
performance audits shall be filed in the Main Office. 

Computer Software Verification - A separate record of the data 
used to verify each software package shall be maintained in 
the laboratory. 

Training Records - Resumes, external training, and in-house 
training records shall be maintained alphabetically by name of 
employee in the Group Supervisor's office. 

Master Nonconformance Record - A copy of all nonconformance 
reports shall be maintained by the Q.C. Coordinator. 

Instrument Run Log - A list of samples run on each instrument 
in the organic area shall be maintained in the organic area. 

Internal Chain-of-Custody Records - All records tracing a 
sample through the laboratory shall be maintained by the Group 
Supervisors. 

Standard Operating Procedures A file of current and 
historical laboratory SOP's with issue dates shall be 
maintained in the Main Office. SOP's shall be signed and 
dated by the Quality Control Coordinator and the Laboratory 
Director. 

Methods - A complete collection of all analytical methods used 
in the laboratory shall be maintained in both the laboratory 
and in the Main Office. Methods shall be signed and dated by 
the Group Supervisors and the Laboratory Director. 

Subcontractor Records - Audit reports and results of any QC 
samples submitted to subcontractors shall be maintained in 
this file in the Main Office. 

12.2 PROJECT/SAMPLE RECORDS 

Separate record packages shall be maintained for each project and 

filed by project num9er. 
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A file by project number shall be maintained in the Main Office of 

the laboratory for samples submitted by RMT employees. The following 

records shall be maintained: 

Chain-of-Custody Form 

Request for Analysis Form 

Laboratory Data Reports 

Any Correspondence 

Sample Record Form 

Sample Acknowledgment Form 

Any Telephone Messages 

Any Subcontractor Reports 

Bench sheets shall be maintained in a separate file by test method 
and/or by project number. 

12.2.2 Laboratory Only Client Files 

A file by project number shall be be maintained in the Main Office 

of the laboratory for samples submitted by laboratory only clients. The 

following records shall be maintained: 

Chain-of-Custody Form 

Request for Analysis Form 

Pure has e Order 

Laboratory Data Reports 

Any Correspondence 

Any Telephone Messages 

Sample Record Form 

Any Subcontractor Reports 

Letter of Transmittal 

Invoice 
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Files by project number shall be maintained in the laboratory area 

and shall contain the following information: 

Copy of Chain-of-Custody 

Copy of Request for Analysis Form 

Copy of Extraction Sheets 

Copy of Bench Sheets 

Copy of Work Sheets 

Raw Analytical Data Including Chromatograms 

12.3 RECORD CONTROL 

The Laboratory Director shall appoint an individual who shall be 

responsible for the records management system including initiating new 

project files, adding records to existing files, and assisting 

laboratory personnel in withdrawing and returning records. 

To maintain control of records, a sign-out sheet shall be 

maintained for each of the files (Main Office, Organic, Inorganic) 

indicating project number, date borrowed, name of borrower, and date of 

return. 

12.4 RECORD RETENTION 

Laboratory records shall normally be maintained for seven years 

after analysis. If a specific contractual requirement, or government 

regulation, requires that records be maintained for a longer period of 

time, the project file shall be marked with the required retention 

period. 
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Analytical samples shall be stored for at least thirty days after 

submittal of the laboratory report before disposal or return to the 

client. 
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13.0 NONCONFORMANCES AND CORRECTIVE ACTION 

Nonconformances may include the following: 

Instrument failures/problems. 

Incomplete/missing sample documentation. 

Unacceptable sample condition. 

Exceeding sample holding times. 

Improper sample storage. 

Incorrect sample preparation. 

Wrong analysis method/procedure. 

QC data (blank, spike, duplicate, surrogates, etc.) _outside 
acceptance limits. 

Calibration requirements not met. 

Data recording, transcription or validation errors. 

Any other situation that might affect data quality. 

In all such cases, a nonconformance memorandum shall be initiated 

giving a description of the problem, the corrective action taken, the 

name of the individual reporting the problem, the date discovered, and 

the samples affected. This memo shall be initialed by the Group 

Supervisor and filed in the Master Nonconformance Record File. Examples 

of possible memos are shown in Figures 13.1, 13.2, 13,3, and 13.4. 

Corrective action may include the following: 

Recalibrating instruments. 

Re-analyzing samples. 

Instrument repairs. 

Additional training of laboratory personnel. 

Using different lots/solvents to correct for high blank 
values. 

Notifying clients of missing paperwork, broken containers or 
insufficient samples. 
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All employees shall be responsible for reporting any nonconformance 

that they observe/identify and for signing the nonconformance memo. 

Each Group Supervisor shall be responsible for correcting problems that 

affect data quality and for stopping work when an out-of-control 

situation is found. 
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NONCONFORMANCE MEMO 
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SAMPLE RECEIVING DATE: 

FILED BY: 

SAMPLE NO. (s) 

NONCONFORMANCE: [Check applicable items(s)]: 

(1) Not enough sample sent for proper analysis. 
(2) Sample bottle received broken and/or cap not intact. 
(3) Paper work went to one lab; sample sent to another. 
(4) Samples received without proper refrigeration, when it has been deemed 

necessary. 
(5) Illegible sample numbers or label missing from bottle. 
(6) Numbers on sample not the same as numbers on paperwork. 
(7) Incomplete instructions received with sample(s), i.e., no Request for 

Analysis, no Chain-of-Custody, incomplete billing instructions, no due 
dates, etc. 

(8) Samples received in improper container. 
(9) Physical characteristics different than those on sampling sheets, i.e., 

two phases. 
(10) Rush samples put on hold because of incomplete paperwork. 
(11) Standard operating procedure not adhered to (specify) 

(12) Other (specify) 

CORR£CTIVE ACTION TAKEN: (Check applicable item(s)]: 

ROUTING 

Analyst 

(1) Sample processed "as is." 
(2) Resampling requested. 
(3) Sample "on hold" until further notice. 
(4) Other (specify) 

. Initials 

Group Supervisor 
QA Coordinator 

Check if 
Corrected 



FIGURE 13-2 
NONCONFORMANCE MEMO 
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EXTRACTIONS DATE: 
LIMS CODE: 
FILED BY: 

SAMPLE NO. (s) 

NONCONFORMANCE: [Check applicable items(s)]: 

(1) Method development or modification, to include any extraction or cleanup 
sequence not currently used on a regular basis in the extractions lab. 
(Requires QA approval.) PLEASE SPECIFY 

(2) Sample matrix not as described on paperwork, i.e., supposed to be organic, 
but is actually aqueous, nonhomogenous, etc. PLEASE SPECIFY 

(3) Reprep caused by: 
(a) Error in spiking or surrogating 
(b) Lost extract 
(c) Lost sample 
(d) Contamination 
(e) Low recovery 
(f) Other 

(4) Standard operating procedure not adhered to (SPECIFY) 

(5) Other (PLEASE SPECIFY) 

CORRECTIVE ACTION TAKEN: [Check applicable item(s)]: 

(1) Error corrected by analyst. 
(2) Situation noted on sample tracking sheet and appropriate lab personnel . 

ROUTING 

Analyst 

notified. 
(3) Sample processed "as is." 
(4) Reextraction or resampling requested/performed. 
(5) Sample put "on hold" until further notice. 
(6) Client informed verbally. 
(7) Client informed by memo/letter. 
(8) Other (specify) 

Initials 

• •up Supervisor 
,. Coordinator 

Check if 
Corrected 



DATE REVIEW - GC(MS 

SAMPLE NO. (s) 

FIGURE 13-3 
NONCONFORMANCE MEMO 

NONCONFORMANCE: [Check applicable item(s)]: 

(1) Data missing. 
(2) Data improperly filled out. 
(3) Analysis incomplete or not meeting client request. 
(4) Daily tune nonconformance. 
(5) Initial calibration nonconformance. 
(6) Continuing calibration nonconformance. 
(7) Method blank nonconformance. 
(8) Sample nonconformance. 
(9) Additional QC nonconformance. 
(10) Other (specify) 

Explantion of Above (if needed): 

CORRECTIVE ACTION TAKEN: [Check applicable item(s)): 

(1) Project returned to analyst(s) for rework 
(2) Reanalysis requested 
(3) Reprep and reanalysis requested 
(4) Data accepted "as is" 
(5) Client informed verbally 
(6) Client informed by memo/letter 
(7) Project "on hold" until further notice 
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DATE: 

FILED BY: 

(8) Other (specify) ---------------------------

ROUTING 

Analyst 
Group Supervisor 

; Coordinator 

Initials 
Check if 
Corrected 



FIGURE 13-4 
DATE 
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SECTION 
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GROUP SUPERVISOR ----------
QC COORDINATOR 

DATE -------------
DATE -----------

TEST ID 

J SPIKE 

] DUPLICATE 

[ J REFERENCE SAMPLE 

PROBLEM: 

REMEDIAL ACTION: 

[ ] PASSED 

[ ] FAILED 

FURTHER ACTION NEEDED: 

[ 1 PASSED 

FAILED 

Precision 

QAQC ID D 
Run ID 
Test ID 
Sample # 

-,oject # 

"JS Dif 
RPD 

Accuracy 

QAQC ID S 
Run ID 
Test ID 
Sample # 

Project # 

% Rec. 

CLIENT 

SAMPLE # ----------------

[ ] REVIEWED BY SUPERVISOR 

[ 1 REVIEWED BY SUPERVISOR 

OOC QC 

Precision 

QAQC ID D ---
Run ID 
Test ID 
Sample # 

Project # -----
Abs 
RPD 

Accuracy 

QAQC ID 
Run ID 
Test ID 
Sample # 

Project # ----
% Rec. 
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14.0 QUALITY ASSURANCE/QUALITY CONTROL AUDITS 

Audits of the RMT Laboratory are conducted for several reasons: 

To identify potential or actual deficiencies so that the 
problems may be corrected. 

To assure that RMT procedures and methods are being followed. 

To determine that records are properly filled out and filed. 

To assure that regulatory requirements are met. 

To establish that quality assurance objectives are met. 

Audits are not conducted to assign blame. 

14.1 LABORATORY AUDITS 

Monthly, the QC Coordinator, shall conduct an in-depth audit of the 

RMT Laboratory. This audit shall include the following items: 

Sample maintenance 

Are stated temperatures for sample storage provided? 

Are samples processed and tested within prescribed 
holding times? 

Are samples properly logged in? 

Cali brat ion 

Are calibrations performed as required? 

Are they properly documented in instrument log books, or 
as part of project data if required? 

Do calibration results indicate a trend in instrument 
performance? 

Preventive maintenance 

Are adequate spare parts available? 

Do specific instruments have repeated maintenance 
problems? 

Is preventive maintenance performed and properly 
documented? 
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Receipt and storage of standards, chemicals, and gases 

Are all reagents, chemicals, and gases purchased for use 
in the laboratory of adequate grade for the intended 
use? 

Are certifications of material compositions provided 
when required? 

Are materials adequately stored to prevent degradation? 

Are materials kept beyond stated shelf life? 

Are internal standards properly prepared and stored? 

Are internal standards kept beyond stated shelf life? 

Analytical liethods 

Are the methods used appropriate for project 
requirements? 

Are alternate methods approved for use? 

Data Verification 

Are data processed and validated as prescribed? 

Records Management 

Are the records of analyses complete and properly 
identified? 

Are documents submitted to the record system in a timely 
manner and are they properly maintained? 

The following areas shall be audited: 

Sample Entry 
Inorganic Laboratory 
Organic Laboratory 
Report Production 

The laboratory audit shall consist of a general audit and a 

specific method/procedure audit. 

A general audit shall be an overview of the whole laboratory 
from sample receipt to sample disposal for compliance with the 
Quality Assurance Manual (Figure 14-1). 

A specific method/procedure audit shall be a detailed in-depth 
review of an actual method or procedure. This may include 
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sample receipt (Figure 14-2), standard/reagent/solution 

preparation (Figure 14-3), sample preparation/ extraction 

(Figure 14-4), sample analysis (Figure 14-5) or data 

verification (Figure 14-6). 

After the general and/or specific audits have been conducted, the 

Quality Assurance Coordinator shall complete the Laboratory Audit Record 

form (Figure 14-7). Any problems, observations, and findings which are 

identified by the Quality Assurance Coordinator shall be discussed with 

the Group Supervisors. 

A written report (Figure 14-8) summarizing the findings of the 

audit shall be sent to the Group Supervisors who shall be responsible 

for corrective action. The Group Supervisor, or the employee designated 

to respond to the report, shall sign and date the report. 

The original copy of the audit report form with responses shall be 

routed to the Laboratory Director for review and comments. The 

Laboratory Director shall sign and date all audit response forms to 

document that they have been reviewed. The audit reports forms shall be 

sent to the Quality Assurance Coordinator for filing. 

Deficiencies reported as a result of participation in round-robin 

studies or outside audits shall be handled in the same manner. 
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Department(s) 

sample Receipt/Storage Log 
LIM #, logs, traceability, complete 

standard Receipt Log 
traceability, up to date 

comments: 

Inspector/Date: 
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FIGURE 14-1 (Cont'd) 
MISCELLANEOUS LABORATORY AUDIT RECORD 

Reagents/Solvent 

Type ID cone 

Refrigerator/Freezer 
ID/#/Thermometer Calibrated/Log Book 

Balances 
ID/#/Calibrated/Log Book/Weight Set 

Inspector/Date: 
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Instruments 
ID/il 

Comments: 

fiGURe 14-1 (Cont'd) 
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Calibrated/Log Book 

Inspector/Date: ____________________________________________________________ ___ 
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MISCELLANEOUS LABORATORY AUDIT RECORD 

Preventive Maintenance 
Instrument/Spare parts/Maintenance Problem/Log Book 

Record Management 
Complete/timely 

comments: 

n.f:!V.lSlOil l''OOe V 
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Inspector/Date: ________________________________________________________________ __ 
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stage 

Receipt 

standard/ 
Reagent 
Prep 

Extraction 

cleanup 

Injection 

calculation 

Reporting 

Disposal 

Other 

rnspectorjDate: 

FIGURE 14-1 (Cont'd) 
MISCELLANEOUS LABORATORY AUDIT RECORD 

Project/Lims t 
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comments 



Project Number/Title 

Department 

Date 

Item 
No. Audit Item 

1. Custody tape present/intact: 

2. Paperwork available (LSRl!', coc, otber) 

3. Chain-of-custody completed 

4. verification of Receipt 

s. Discrepancies Noted 

6. Laboratory numbers issued 

a. Recorded on tbe bottles 

b. Recorded on tbe chain-of-custody 

7. sample Receipt Acknowledgment Form 

a. Refrigerator sample·Tracking system 

9. Refrigerator temperature recorded 

10. Internal chain-of-Custody Form 

11. Storage location 

12. Recordlteeping 

13. Otber 

Comments: 

Personnel 

Inspector/Date: 

NA - Not Applicable 
LSRF - Laboratory service Request Form 
coc - Chain-of-Custody Form 

20.90:Formtool:audit8 
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STANDARD/REAGENT/SOLUTION PREPARATION AUDIT RECORD 

Date Department 

Type 

Item 
No. Audit Item 

1. Method/Procedure available 

2. Calculation verified 

3. original Material 

a. Identification 

. Batch No.jLot No • 

. Expiration date 

• concentration/PUrity 

• source 

b. storage condition 

4. Solvent identification 

s. BalancejVolUII!etric glassware adequacy 

6. Balance accuracy determination 

7. Prepared material 

a. Identification 

• Expiration date 

• Concentration 

. Analyst 

• Date 

b. storage condition 

8. Refrigerator/Freezer 

9. Standardization 

10. Recordkeeping 

11. Other 

Laboratory Personnel: 

Inspector/Date: 

NA - Not Applicable 
20.96:Pormtool:audit9 
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Project Number Department 

Method Title -------------------------- Matrix 
Date Type 

Item 
No. Audit Item 

1. Method/SOP available 

2. samples under custody 

3. Holding times met 

4. Sample identification 

5. Quality control 

a. Method blank 

b. Duplicate 

c. Check 

d. Spiked sample (blank or sample) 

e. MS/MSD 

f. surrogates 

g. Internal standards 

6. Balance adequace 

7. Balance accuracy determination 

8. Reagents/Solvent/Standards identification 

9. Intermediate glassware identification (sample) 

10. Final extract identification 

11. Recordkeeping 

12. Other 

comments: 

Revision No. 0 
Date: January 1, 1989 
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Yes No NA 

-~ 

-

Laboratory Personnel=------------------------------------------------------------
Inspector/Date: 

NA - Not Applicable 
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Project Number Department --------------------------

Method Title ------------------------ Matrix 

Date 

Item Yes No NA 
No. Audit Item 

1. Method/SOP available 

2. Sample/extract under custody 

3. Quality con trot· 

a. Method blank 

b. Duplicate 

c. Check 

d. spiked sample (blank or sample) 

e. MS/MSD 

4. sample identification ·-

s. Balance adequacy 

6. Balance accuracy determination 

7. ReaqentsjSolventsjSolutions identification 

8. standards 

9. Instrument calibration 

10. Instrument rD and conditions recorded 

11. rnstrument loq books up to date 

12. Recordlteepinq 

13. Other 

comments: 

Laboratory Personnel: __________________________________________________________ __ 

Inspector/Date: 

NA - Not Applicable 
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Project Number 

Method Title 

Item 
No. Audit 

1. Method/SOP listed 

2. Holding times met 

3. QC Criteria met 

4. Tuning 

s. Calibration 

. Initial . . Continuing 

6. Calculations 

7. Recordkeeping 

8. Other 

Comments: 

Item 
No. Department 

Inspector/Date: 

20.96:Formtool:audit12 
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Department 

Item 

Audit Item 

··-·----· 
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Yes No NA 

> 
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Yes No NA 



DATE(S) 

ITEM 
NO. AUDIT ITEM 

l. Sample maintenance 

a. Are stated temperatures for sample storage provided? 

b. Are samples processed and tested within prescribed 
holding times? 

e. Are samples properly logged in? 

2. Calibration 

a. Are calibrations performed as required? 

b. Ar.e they properly documented in instrWI!ent log books, 
or as part of project data if required? 

e. Do calibration results indicate a trend in instrument 
performance? 

3. Preventive maintenance 

a. Are adequate spare parts available? 

b. Do specific instrWI!ents have repeated maintenance 
problems? 

e. Is preventive maintenance performed and properly 
documented? 

4. Receipt and storage of standards, chemicals, and 
gases 

a. Are all reagents, chemicals, and gases purchased for 
use in the laboratory of adequate grade for the 
intended use? 

b. Are certifications of material compositions provided 
when required? 

c. Are materials adequatdy stored to prevent 
degradation? 

d. Are materials kept beyond stated shelf life? 

e. Are internal standards properly prepared and stored? 

f. Are internal standards kept beyond stated shelf life? 

Page 1 of 2 
NA - Not Applicable 
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DATE(S) 

ITEM 
NO. AUDIT ITEM 

s. Analytical Methods 

a. Are the methods used appropriate for project 
requirements? 

b. Are alternate methods approved for use? 

6. Data verification 

a. Are data processed and validated as prescribed? 

7. Records Management 

a. Are the records of analyses complete and properly 
identified? 

b. Are documents submitted to the record system in a 
timely manner and are they properly maintained? 

a. other 

Comments: 

Revision No. 0 
Date: January 1, 1989 
Page 15 of 16 

YES NO NA 

.. 

QC Coordinator/Date: __________________________________________________________ ___ 

Page 2 of 2 
NA - Not Applicable 
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Revision No. 0 
Date: January 1, 1989 
Page 1 of l 

15.0 QUALITY REPORTS TO MANAGEMEIIT 

The Laboratory Director shall write a summary quality assurance 

report every six months and send it to the Senior Vice President, RMT 

Operations. The report shall be a brief narrative of the activities 

reviewed and shall emphasize ongoing or recurring problems. 

20.96:RTE:QAmanual2 



16.0 TRAINING 

Revision No. 0 
Date: January 1, 1989 
Page 1 of 2 

All activities in the RMT Laboratory shall be accomplished by 

personnel qualified on the basis of education, experience and training. 

16.1 JOB DESCRIPTIONS 

All positions affecting data quality shall have written job 

descriptions which include the minimum qualifications for education, 

experience, knowledge and skills. During the semi-annual performance 

review, the laboratory supervisory staff shall compare each analyst • s 

performance with the appropriate job description. 

16.2 PROFESSIONAL STAFP', TRAINING AND QUALIFICATIONS 

Qualifications of all professional personnel shall be documented by 

resumes which include academic credentials, employment history, and 

experience. An analyst hired to perform sample preparation procedures 

or analytical procedures shall receive direct instruction from a 

professional staff member on topics such as sample log-in, 

sample/glassware preparation, use of instrumentation, methods, quality 

assurance, data handling and safety. When the Group Supervisor feels 

confident in the skills of the analyst, he shall write a memo detailing 

the training of the analyst and any qualifying tests that were conducted 

(analysis of known samples, duplicates, etc.). 

Technicians and support personnel performing a technical function 

shall be qualified through experience and this shall be indicated in the 

resumes and training files. They shall be supervised by experienced 

personnel until, in the opinion of the Group Supervisor, they are 

capable of independently performing their duty. The Group Supervisor 

20.96:RTE:QAmanual2 



Revision No. 0 
Date: January l, 1989 
Page 2 of 2 

shall write a memo describing the training that the technician has 

received, and listing the tests and procedures for which they have 

qualified. 

16.3 QUALIFICATION AND TRAINING RECORDS 

A file shall be maintained containing the qualifications and 

training records of each laboratory employee. This file shall contain 

resumes, lists of all technical training courses completed, certificates 

of training, and all memos detailing training at RMT. 

20.96:RTE:QAmanual2 
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CLOSURE COST ESTIMATES 



PROJECT NAME:AMERICAN STEEL FOUNDRY 
PROJECT #:2169.05 

LOCATION:ALLIANCE, OHIO 

RMT Inc. 
OPINION OF PROBABLE COST 

GDL, 5/89 
Version 3.0 

TEMPLATE: COSTEST3 
FILENAME: ASF 

BY: OM 
DATE: 08- Jan-93 

···----------------··········--------------------------------------------------------------------------------
ITEM UNIT I 

I NUMBER I ITEM DESCRIPTION I UNITS I COST($) I QUANTITY I TOTAL($) I 
I · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · I 
I 
I 
I 
I 
I 
I 
I 
I 

1.0000 
2.0000 
3.0000 
4.0000 
5.0000 
6.0000 
7.0000 
8.0000 

1 9.oooo 
1 1o.oooo 

I 11.0000 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

12.0000 
13.0000 
14.0000 
15.0000 
16.0000 
17.0000 
18.0000 
19.0000 
20.0000 
21.0000 
22.0000 
23.0000 
24.0000 
25.0000 
26.0000 
27.0000 
28.0000 
29.0000 
30.0000 
31.0000 
32.0000 
33.0000 
34.0000 
35.0000 
36.0000 
37.0000 
38.0000 
39.0000 
40.0000 

***********************************I 

LANDFILL CLOSURE 
***********************************! 

I 
I 

.................................. ·I 
PREDEVELOPMENT SITE PREPARATION J 

................................... I 

I 
-Phase 1- I 

(Stabilize surcharge area) I 
I 

J Mobilization of equipment J 

I I 
J Access road I 
I -20' wide (temporary) I 
I I 
I Decontamination pad construction I 
I I 
J Geotextile placement I 
I I 
J Instrumentation I 
/ MOnitoring I 
I Analysis I 
J Gen. soi 1 placement ] 

I Gen. soil removal I 
I I 
J Demobilization and decontamination I 
I of equipment I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

LS 

LF 

EA 

SY 

LS 
LS 
LS 
CY 

CY 

EA 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

$2,5oo.oo 1 

I 
I 

$15.oo 1 

I 
$3,ooo.oo 1 

I 
•o.9o 1 

I 
$5,ooo.oo 1 

$5,ooo.oo 1 

$5,ooo.oo 1 

$4.oo 1 

$4.oo 1 

I 
$2,5oo.oo 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2oo 1 

I 
1 I 

I 
27oo 1 

I 
I 
I 
I 

5ooo 1 

25oo 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

•o.oo 1 

•o.oo 1 

•o.oo I 
•o.oo 1 

•o.oo 1 

•o.oo 1 
•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

$2,5oo.oo 1 

•o.oo 1 

•o.oo 1 

$3,ooo.oo 1 

•o.oo 1 

$3,ooo.oo 1 

•o.oo 1 

$2,43o.oo 1 

•o.oo 1 

$5,ooo.oo 1 

$5,ooo.oo 1 

$5,ooo.oo 1 

•zo,ooo.oo 1 
•1o,ooo.oo 1 

•o.oo 1 

$2,5oo.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

----------- .. --.---------------------------------------------------------------------------------------------

PAGE 1 TOTAL $5B,43o.oo 1 

--------------------------------------------------------------------------.----------------------------------

PAGE 1 CUMULATIVE SUB-TOTAL $58,43o.oo 1 

-------------------------------------------------------------------------------------------------------------

** Page 1 ** 



PROJECT NAME:AMERICAN STEEL FOUNDRY 
PROJECT #:2169.05 

LOCATION:ALLIANCE, OHIO 

I ITEM 
I NUMBER I ITEM DESCRIPTION 

·Phase 2· 

RMT Inc. 

OPINION OF PROBABLE COST 

GDL, 5/89 
Version 3.0 

I UNITS I 
UNIT 

COST($) 

(Final cover construction) 
I 
I 
I 43.0000 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

44.0000 

4r.oooo 1 

42.oooo 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Mobilization of equipment I 
I 

LS $31,ooo.oo 1 

45.0000 
46.0000 
47.0000 
48.0000 
49.0000 
50.0000 

51.0000 
52.0000 
53.0000 
54.0000 
55.0000 

56.0000 
57.0000 
58.0000 

62.0000 
63.0000 
64.0000 
65.0000 
66.0000 
67.0000 
68.0000 

69.0000 

70.0000 
71.0000 
72.0000 

73.0000 
74.0000 

75.0000 

76.0000 
77.0000 
78.0000 
78.1000 
78.2000 
78.3000 

79.0000 
80.0000 

Access road 
·20 1 wide 

Clearing and grubbing 

Topsoil, excav. and stockpile 
(assume none available on site) 

Topsoil placement outside of Land· 
fill cover (from off-site) 

~aste regrading 

Gen soil for fitting to subgrade, 

(assume all from on-site, designed 

for subgrade material balance) 

Install culvert (assume 24 11 dia.) 

Construct sedimentation basin, 

includes riser and 60 feet of pipe 

Silt fence 

Straw bale barrier 

Construct flat bottom ditch 

Construct v-notch ditch 

I 
I 
I 

LF 

I ACRE 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CY 

CY 

CY 

CY 

Lf 

LS 

Lf 

EA 

Lf 

Lf 

$15.00 

$2,500.00 

$4.00 

$4.00 

$5.00 

$2.00 

$40.00 

$10,000.00 

$4.00 

$75.00 

$1.00 

$1.00 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TEMPLATE: COSTEST3 

fILENAME: ASF 
BY: OM 

DATE: 

QUANTITY 

I 
I 
I 
I 
I 
I 

130 I 
I 

4 I 
I 

o I 
I 
I 

28oo 1 

I 
I 

5ooo 1 

I 
22ooo 1 

I 
I 
I 

4oo 1 

I 
1 I 

I 
I 

1ooo 1 

I 
I 
I 

1100 1 

I 
22oo 1 

I 
I 
I 
I 
I 
I 

08-Jan-93 

I 
TOTAL($) I 
------. . . -. . . I 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$31,ooo.oo 1 

$O.oo 1 

$o.oo 1 

$1,95o.oo 1 

$D.oo 1 

$10,ooo.oo 1 

$0.00 

$0.00 

$0.00 
$0.00 

$11,200.00 
$0.00 
$0.00 

$25,000.00 
$0.00 

$44,000.00 
$0.00 

$0.00 
$0.00 

$16,000.00 
$0.00 

$10,000.00 

$0.00 

$0.00 
$4,000.00 

$0.00 
$75.00 

$0.00 

$1' 100.00 
$0.00 

$2,200.00 
$0.00 
$0.00 
$0.00 

$0.00 
$0.00 

$0.00 
------------------------············-·-------·-------------------------------··-----------------------------· 

PAGE 2 TOTAL $156,525.oo I 
--·····-··--------······-··----------------------------------------·-------------··--·--------------------·-· 

PAGE 2 CUMULATIVE SUB·TOTAL $214,955.oo I 
---------- -·------- ----.---. ·--------- ---- .. -----.---- ·-----. -- .. -----------.--.-- .. --.---.--.-------.- ·--.-. 
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PROJECT NAME:AMERICAN STEEL FOUNDRY 

PROJECT #,2169.05 
LOCATION:ALLIANCE, OHIO 

RMT Inc. 

OPINION OF PROBABLE COSJ 

GDL, 5/89 
Version 3.0 

TEMPLATE: COSTEST3 

FILENAME: ASF 

BY: DM 

DATE: 08-Jan-93 

..... ·----- ... --.--.". -- ... ·-· ...... -------------- ·-·- ·-. -----.----- .... ------.- ... -................... -.... -
ITEM UNIT I 

I NUMBER I ITEM DESCRIPTION I UNITS I COST($) I QUANTITY I TOTAL($) I 
I · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · I 

1 81.oooo 1 ···································I I 
I 82.0000 I FINAL COVER CONSTRUCTION I I 
I 83.oooo I ···································I I 
I 84.oooo I I I 
I 85.0000 I topsoil placement, from off-site I CY I 
1 86.oooo 1 <6" thick> I I 

I 87.oooo I I I 
I 88.0000 I General fill, off·site (2' thick) I CY I 
I 89.oooo I I I 
I 90.0000 J Geotextile filter fabric (assume J SY I 
I 91.0000 I 8 ounce needlepunch, installed) [ J 

I 92.oooo I I I 
] 93.0000 I 30 mil VLDPE geomembrane I SY 1 

I 94.0000 I (installed) I I 
I 95.oooo I I I 
I 96.0000 I Sand drainage layer, off-site I CY J 

1 97.oooo 1 <1• thick> I I 
I 98.oooo I I I 
I 99.0000 I Select clay fill, off·site I CY 1 
I 1oo.oooo I <2' thickl I I 
I 101.oooo I I I 
I 102.0000 I Seed, fertilizer and mulch I ACRE 1 
I 1o3.oooo I I I 
I 1o4.oooo I I I 
I 105.oooo I · · · ·· · · ·· · · · · · ·· · ·· · · ···· · · ········I I 
I 106.0000 I DRAINAGE LAYER COLLECTION SYSTEM I I 
1 107.oooo 1 ···································1 I 
1 1o8.oooo 1 I I 
I 109.0000 I 6"DIA. pvc perforated collection I LF ! 
I 11o.oooo I pipe I I 
1 111.oooo I I I 
I 112.0000 I 6 11dia. pvc solid wall transfer pipe] LF [ 

I 113.oooo I I 
I 114.oooo 1 I 
1 115.oooo 1 1 
I 116.oooo I I 
1 117.oooo 1 1 
I 118.oooo 1 I 
I 119.oooo I I 
I 12o.oooo I I 

I 
I 
I 
I 

$4.oo I 
I 
I 

$4.oo 1 

I 
$0.90 1 

I 
I 

$2.75 1 

I 
I 

$4.oo 1 

I 
I 

$4.oo 1 

I 
I 

$1,5oo.oo 1 

I 
I 
I 
I 
I 
I 

$2o.oo 1 

I 
I 

$2o.oo 1 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 

55oo 1 

I 
I 

22ooo 1 

I 
42ooo 1 

I 
I 

33ooo 1 

I 
I 

11ooo 1 

I 
I 

22ooo 1 

I 
I 

11 I 
I 
I 
I 
I 
I 
I 

41oo 1 

I 
I 

53o 1 

I 
I 
I 
I 
I 
I 
I 
I 

....... ---.------ .. -.. ----- .. ---.-- ........ --- .......... -.-.--- .... -- ............ -.... -....... . 

PAGE 3 TOTAL 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo I 
$22,ooo.oo 1 

$O.oo 1 

$O.oo 1 

$88,ooo.oo 1 

$o.oo 1 

$37,8oo.oo 1 

$O.oo 1 

$O.oo 1 

$90,75o.oo 1 

$O.oo 1 

$O.oo 1 

$44,ooo.oo 1 

$O.oo 1 

$O.oo 1 

$88,ooo.oo 1 

$O.oo 1 

$O.oo 1 

$16,soo.oo 1 

$O.oo 1 

$O.oo 1 

,o.oo 1 

$o.oo 1 

$O.oo 1 

$O.oo 1 

$82,ooo.oo 1 

$O.oo 1 

$O.oo 1 

$10,6oo.oo 1 

,o.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$o.oo I 
$O.oo I 

$479,650.00 

···-------······-----------------------······--·-··-··························-······-······-···············-

PAGE 3 CUMULATIVE SUB-TOTAL $694,6o5.oo 1 

-- ... ·-".-- ---------.------- .. --.-- .. -.---.---- ....... -- ....... -......... --.--- .. -.......... - - .. -.---.-.-. 

** Page 3 ** 



PROJECT NAME:AMERJCAN STEEL FOUNDRY 

PROJECT #:2169.05 

LOCATION:ALLIANCE, OHIO 

RMT Inc. 

OPINION OF PROBABLE COST 

GOL, 5/89 

Version 3.0 

TEMPLATE: COSTEST3 

FILENAME: ASF 
BY: OM 

DATE: 

-.. -- ............... --.---------.- .. -- .. -----.-------------.-------------.--------.----------------.------- .. 
ITEM UNIT I 

I NUMBER I ITEM DESCRIPTION I UNITS I COST($) I QUANTITY I TOTAL($) I 
I ........................................................................................................... 1 

I 121.oooo 1 ................................... 1 I I 
I 122.0000 I MISCELLANEOUS COST I I I 
I 123.oooo 1 .................................. ·1 I I 
1 124.oooo 1 I I 
I 125.0000 I fencing LF I •12.oo 1 

I 126.oooo 1 I I 
I 127.0000 J Return trip to repair erosion areasj LS I •2.ooo.oo 1 

1 128.oooo 1 I I I 
I 129.0000 ·I Demobilization of equipment I LS 1 $31 ,ooo.oo 1 

J 130.0000 I (includes decon. of equipment) I I I 
I 131.oooo I I I I 
I 132.0000 I Abandon monitoring wells [ EA I $2,ooo.oo 1 
1 133.oooo 1 I I I 
1 134.oooo 1 I I I 
I 135.oooo I .................................. ·1 I I 
I 136.0000 I ENGINEERING FEES I I I 
1 137.oooo 1 ................................... 1 I I 
I 138.oooo I I I I 
J 139.0000 I Construction I I I 
J 140.0000 I ·Plans and specs [ EA 1 $3o,ooo.oo 1 

I 141.0000 I ·Const. observation I EA 1 $5o,ooo.oo 1 

J 142.0000 J ·Canst. documentation J EA 1 •2o,ooo.oo 1 

I 143.oooo I I I I 
1 144.oooo 1 I I I 
1 145.oooo 1 ................................... 1 I I 
I 146.0000 I ADDITIONAL UNKNOWN COST I I I 
I 147.oooo I ................................... I I I 
1 148.oooo 1 I I I 
I 149.0000 I Deed restrictions 1 EA I •1.ooo.oo 1 
I 15D.Dooo I I I I 
I 151.0000 I Certificate of closure J EA I •5,ooo.oo 1 

1 152.oooo 1 I I I 
I 153.0000 J Notice to local land authority J EA I $5,ooo.oo 1 

I 154.0000 I (survey plate) I I I 
I 155.oooo I I I I 
I 156.oooo 1 I I I 
I 157.0000 I 10% contingency I I I 
I 158.oooo I · .............. · .............. · .... 1 I I 
I 159.oooo I I I I 
I 16o.oooo 1 I I I 

I 
I 
I 
I 

650 1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1 I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

$0.00 

$0.00 

$0.00 

$0.00 

$7,800.00 

$0.00 

$2,000.00 

$0.00 

$31,000.00 

$0.00 

$0.00 

$2,000.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$30,000.00 

$50,000.00 

$20,000.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$1,000.00 

$0.00 

$5,000.00 

$0.00 

$5,000.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

$0.00 

.................... - ...... --------------------------------------------------- ...... -.. ·- --------------------

PAGE 4 TOTAL $153,8oo.oo 1 

. ----- .. -.---------------------------------- .. -.-----.---.-----.---------- .. ----------.-------- .. - ..... --.-.-

PAGE 4 CUMULATIVE SUB·TDTAL $B48,4os.oo 1 

-.. -- ·- .... ·-. ·- ----------- -·--- ------------------------------- .. -.--- ... - ... ------ .. -- .. ---.-------. 
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RMT Inc. 

OPINION OF PROBABLE COST TEMPLATE: COSTEST3 

PROJECT NAME:ASF GOL, 5;89 FILENAME: ASF1A 
PROJECT #:2169.05 Version 3.0 BY: OM 

LOCATION:OHIO DATE: 08- Jan-93 

·····························--------------------------------------------------------------------------------

I ITEM UNIT I 
I NUMBER ITEM DESCRIPTION I UNITS COST($) QUANTITY TOTAL($) I 
I -· ------.---------------.--- .. --------.---------------------------------.----------.--.------- -- ---- ----- -I 
I 1.0000 I ***********************************! I I $0.00 I 
I 2.0000 I POST-CLOSURE COSTS I I $0.00 I 
I 3.0000 I (30 YR, 1994 TO 2024) I I $0.00 I 
I 4.0000 I ***********************************1 I I $0.00 I 
I 5.0000 I I I $0.00 I 
I 6.0000 I Year 1 I I $0.00 I 
I 7.0000 I -site inspection EA I $500.00 I 4 $2,000.00 I 
I 8.0000 I ·erosion repair and revegetation 1 EA I $5,000.00 I $5,000.00 I 
I 9.0000 I ·remove so i l from sed. basin EA I $2,000.00 I $2,000.00 I 
I 10.0000 I -groundwater monitoring and EA I $47,300_00 I $47,300_00 I 
I 11.0000 I analysis I I $0_00 I 
I 12.0000 I I I $0.00 I 
I 13.0000 I I I $0.00 I 
I 14.0000 I Year 2 I I $0.00 I 
I 15.0000 I ·site inspection EA I $500_00 I 2 $1,000-00 I 
I 16.0000 I -erosion repair and revegetation I EA I $2,000.00 I $2,000.00 I 
I 17.0000 I ·groundwater monitoring and EA I $17,400.00 I $17,400.00 I 
I 18.0000 I analysis I I $0.00 I 
I 19.0000 I I I $0.00 I 
I 20.0000 I I I $0.00 I 
I 21.0000 I Year 3 I I $0.00 I 
I 22.0000 I ·site inspection EA I $500.00 I $500.00 I 
I 23.0000 I ·erosion repair and revegetation! EA I $2,000.00 I $2,000.00 I 
I 24.0000 I ·groundwater monitoring and EA I $17,400.00 I $17,400_00 I 
I 25.0000 I analysis I I $0.00 I 
I 26.0000 I I I $0.00 I 
I 27.0000 I I I $0.00 I 
I 28.0000 I Year 4 I I $0.00 I 
I 29.0000 ·site inspection EA I $500.00 I $500.00 I 
I 30.0000 ·erosion repair and revegetation! EA I $1,000.00 I $1,000_00 I 
I 31.0000 ·groundwater monitoring and EA I $17,400.00 I $17,400.00 I 
I 32.0000 analysis I I $0_00 I 
I 33.0000 I I $0.00 I 
I 34.0000 I I $0.00 I 
I 35.0000 Year 5 I I $0.00 I 
I 36.0000 ·site inspection EA I $500.00 I $500.00 I 
I 37.0000 ·erosion repair and revegetation! EA I $1,000.00 I $1,000_00 I 
I 38.0000 ·remove soil from sed. basin EA I $2,000.00 I $2,000.00 I 
I 39.0000 ·groundwater monitoring and EA I $17,400.00 I $17,400.00 I 
I 40.0000 analysis I I $0_00 I 
. . . . . . . . . . . ........................... " ..................................................................... 

PAGE 1 TOTAL $136,400.00 I 
···································-···············-·····--·······································--········· 

PAGE 1 CUMULATIVE SUB·TOTAL $136,400.00 
........ - .. -.................... -- ... ·- .. -- ..... --.- ... -----.-----.- -- .. -.- .. -- ..... -- ·-.-------.---- .... -
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I 

PROJECT NAME:ASF 

PROJECT #:2169.05 

LOCATION:OHIO 

ITEM 

RMT Inc. 

OPINION Of PROBABLE COST 

GDL, 5/89 
Version 3.0 

I NUMBER ITEM DESCRIPTION I UNITS 
UNIT 

COST($) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

41.0000 
42.0000 
43.0000 
44.0000 
45.0000 
46.0000 

47.0000 
48.0000 

49.0000 
50.0000 

51.0000 
52.0000 
53.0000 
54.0000 
55.0000 

56.0000 
57.0000 
58.0000 
59.0000 
60.0000 

61.0000 

62.0000 

63.0000 

64.0000 
65.0000 

*********I 
*********! 
*********! 

*********! 
*********I 
*********I 
*********! 

*********I 

*********I 

*********I 

*********I 
*********I 

*********I 
*********I 
*********[ 

Years 6 through 30 

-site inspection 
-erosion repair and revegetation! 

-remove soil from sed. basin 

·groundwater monitoring and 

analysis 

I 
I 
I 
I 
I 

.................................. ·I 
POST CLOSURE MONITORING PLAN I 

................................... I 
****** Year one ****** I 

I 
-analyical expenses= $21,100.001 

-monitoring labor & = $26,200.001 

expenses 
total 

.. --.------ I 
$47,300.001 

I 
I 

****** Years two thru thirty******! 

(cost per year) 

-analyical expenses=$ 7,200.001 

·monitoring labor & = $10,200.001 

expenses 
total 

........... I 
$17,400.001 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

EA 
EA 
EA 
EA 

I 
$5oo.oo 1 

$500.00 
$2,000.00 

$17,400.00 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TEMPLATE: COSTEST3 

FILENAME: ASF1A 

BY: DM 
DATE: 

QUANTITY 

I 
25 I 
25 I 
2 I 

2s I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

08-Jan-93 

I 
TOTAL($) I 

I 
•o.oo 1 

$12,5oo.oo 1 
$12,5oo.oo 1 

$4,ooo.oo 1 
$435,ooo.oo 1 

•o.oo 1 
$O.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

$O.oo 1 

$O.oo 1 

•o.oo 1 
•o.oo 1 
•o.oo 1 
$O.oo 1 

•o.oo 1 
$O.oo 1 

•o.oo 1 
•o.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo 1 

$O.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 
•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

$O.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 

•o.oo 1 
...... ----------------------------------------------- --·- --- -·- --------------------------------------

PAGE 2 TOTAL $464,ooo.oo 1 

-------------------------------------------------------------------------------------------------------------
PAGE 2 CUMULATIVE SUB·TOTAL $600,400.00 I 

---------------" ---------------"-- --------------"" -------------------------------------.---.-- .. ----"-------

** Page 2 ** 
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1 

Run Date: 

** PCSTABIA ** 
by 

Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: JDH 
Input Data Filename: ASF.STA 
Output Filename: ASF. OUT 
Plotted Output Filename: ASF.PLT 

PROBLEM DESCRIPTION AMERICAN STEEL FOUNDRY 2169.07 
EAST SLOPE INTO TECUMSEH POND SHORT-TERM 

BOUNDARY COORDINATES 

12 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 27.50 25.00 29.50 1 
2 25.00 29.50 30.00 32.50 1 
3 30.00 32.50 40.00 34.50 3 
4 40.00 34.50 50.00 43.50 3 
5 50.00 43.50 60.00 50.00 1 
6 60.00 50.00 64.00 52.00 1 
7 64.00 52.00 65.00 54.00 1 
8 65.00 ' 54.00 70.00 56.00 1 
9 70.00 56.00 80.00 58.00 1 

10 80.00 58.00 96.00 58.00 1 
11 96.00 58.00 144.00 70.00 1 
12 144.00 70.00 160.00 70.50 1 
13 96.00 58.00 160.00 58.00 1 
14 50.00 43.50 66.00 44.00 3 
15 66.00 44.00 160.00 48.00 3 
16 30.00 32.50 66.00 30.00 1 
17 66.00 30.00 160.00 37.00 1 
18 .00 10.00 70.00 10.00 2 
19 70.00 10.00 160.00 16.00 2 



1 

1 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil Total Saturated Cohesion 
Type Unit Wt. Unit Wt. Intercept 

No. (pcf) (pcf) (psf) 

1 
2 
3 

105.0 
135.0 
90.0 

115.0 
135.0 

90.0 

.0 
2000.0 
500.0 

Friction 
Angle 
(de g) 

35.0 
20.0 

.0 

Pore 
Pressure 

Par am. 

.00 

.00 

.00 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water 62.40 

Pressure 
Constant 

(psf) 

.0 

.0 

.0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 50.00 
2 60.00 50.00 
3 70.00 48.00 
4 160.00 44.00 

A Horizontal Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure = .0 psf 

Piez. 
Surface 

No. 

1 
1 
1 



1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

420 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 21 
Along The Ground Surface Between X -

and X -

Points Equally 
30.00 ft. 
50.00 ft. 

Each Surface Terminates Between 
and 

X= 130.00 ft. 
X- 160.00 ft. 

Spaced 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y- .00 ft. 

20.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 31.00 32.70 
2 50.84 30.16 
3 70.84 30.44 
4 90.59 33.55 
5 109.71 39.41 
6 127.81 47.92 
7 144.53 58.90 
8 157.60 70.42 

Circle Center At X = 58.8 ;Y 171.2 and Radius, 141.2 

*** 1.528 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 31.00 32.70 
2 50.86 30.33 
3 70.85 30.86 
4 90.56 34.27 
5 109.57 40.48 
6 127.48 49.38 
7 143.92 60.77 
8 154.15 70.32 

Circle Center At X - 57.2 ;Y- 168.3 and Radius, 138.1 

*** 1.556 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 30.00 32.50 
2 49.74 29.30 
3 69.74 29.53 
4 89.40 33.20 
5 108.14 40.19 
6 125.40 50.29 
7 140.67 63.21 
8 146.41 70.08 

Circle Center At X - 58.4 ; y- 145.0 and Radius, 116.0 

*** 1.600 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.85 30.42 
3 71.83 31.15 
4 91.45 35.07 
5 110.18 42.07 
6 127.56 51.97 
7 143.12 64.53 
8 148.15 70.13 

Circle Center At X- 57.3 ;Y- 155.0 and Radius, 124.7 

*** 1.615 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.86 30.49 
3 71.84 31.23 
4 91.47 35.08 
5 110.25 41.96 
6 127.72 51.69 
7 143.45 64.04 
8 149.13 70.16 

Circle Center At X- 57.2 ;Y= 157.7 and Radius, 127.3 

*** 1.629 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 40.00 34.50 
2 59.74 31.31 
3 79.74 31.53 
4 99.41 35.14 
5 118.18 42.06 
6 135.50 52.06 
7 150.86 64.87 
8 155.52 70.36 

Circle Center At X - 68.5 ;Y-= 148.0 and Radius, 117.1 

*** 1.641 *** 

1 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 34.00 33.30 
2 53.76 30.23 
3 73.73 31.38 
4 93.01 36.69 
5 110.75 45.93 
6 126.15 58.69 
7 132.87 67.22 

Circle Center At X - 58.3 ;Y= 124.9 and Radius, 94.7 

*** 1. 657 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 37.00 33.90 
2 56.79 31.02 
3 76.79 31.19 
4 96.53 34.43 
5 115.54 40.64 
6 133.37 49.69 
7 149.61 61.36 
8 158.88 70.46 

Circle Center At X - 65.6 ;Y-= 161.1 and Radius, 130.4 

*** 1.657 *** 

l 
Failure Surface Specified By 8 .Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 39.00 34.30 
2 58.78 31.35 
3 78.78 31.64 
4 98.46 35.18 
5 117.32 41.86 
6 134.83 51.51 
7 150.56 63.87 
8 156.53 70.39 

Circle Center At X- 67.0 ;Y== 154.0 and Radius, 122.9 

*** 1.658 *** 



/0/ 4t-

Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 37.00 33.90 
2 56.77 30.86 
3 76.76 31.30 
4 96.38 35.21 
5 ll5.01 42.48 
6 132.10 52.87 
7 147.11 66.08 
8 150.40 70.20 

Circle Center At X - 64.2 ;Y= 145.2 and Radius, 114.5 

*** 1.661 *** 

1 
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Run Date: 

** PCSTABL4 ** 
by 

Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: JDH 
Input Data Filename: ASFL. STA 
Output Filename: ASFL.OUT 
Plotted Output Filename: ASFL.PLT 

PROBLEM DESCRIPTION AMERICAN STEEL FOUNDRY 2169.07 
EAST SLOPE INTO TECUMSEH POND LONG-TERM 

BOUNDARY COORDINATES 

12 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 27.50 25.00 29.50 1 
2 25.00 29.50 30.00 32.50 1 
3 30.00 32.50 40.00 34.50 3 
4 40.00 34.50 50.00 43.50 3 
5 50.00 43.50 60.00 50.00 1 
6 60.00 50.00 64.00 52.00 1 
7 64.00 52.00 65.00 54.00 1 
8 65.00 54.00 70.00 56.00 1 
9 70.00 56.00 80.00 58.00 1 

10 80.00 58.00 96.00 58.00 1 
11 96.00 58.00 144.00 70.00 1 
12 144.00 70.00 160.00 70.50 1 
13 96.00 58.00 160.00 58.00 1 
14 50.00 43.50 66.00 44.00 3 
15 66.00 44.00 160.00 48.00 3 
16 30.00 32.50 66.00 30.00 1 
17 66.00 30.00 160.00 37.00 1 
18 .00 10.00 70.00 10.00 2 
19 70.00 10.00 160.00 16.00 2 

1)(~~-



1 

1 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil 
Type 

No. 

1 
2 
3 

Total Saturated 
Unit Wt. Unit Wt. 

(pcf) (pcf) 

105.0 
135.0 

90.0 

115.0 
135.0 

90.0 

Cohesion 
Intercept 

(psf) 

.0 
2000.0 

.0 

Friction 
Angle 
(de g) 

35.0 
20.0 
30.0 

Pore 
Pressure 

Par am. 

.00 

.00 

.00 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water - 62.40 

Pressure 
Constant 

(psf) 

.0 

.0 

.0 

Piez. 
Surface 

No. 

1 
1 
1 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 50.00 
2 60.00 50.00 
3 70.00 48.00 
4 160.00 44.00 

A Horizontal Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

A Vertical Earthquake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure = .0 psf 



1 

1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

420 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 21 Points Equally Spaced 
Along The Ground Surface Between x- 30.00 ft. 

and x- 50.00 ft. 

Each Surface Terminates Between X 130.00 ft. 
and X 160.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - .00 ft. 

20.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 30.00 32.50 
2 49.99 31.92 
3 69.84 34.36 
4 89.10 39.74 
5 107.34 47.96 
6 124.13 58.82 
7 133.90 67.47 

Circle Center At X - 43.8 ;Y 164.6 and Radius, 132.8 

*** 1.868 *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 33.00 33.10 
2 52.95 34.56 
3 72.57 38.43 
4 91.58 44.64 
5 109.70 53.10 
6 126.67 63.69 
7 130.21 66.55 

Circle Center At X ~ 30.9 ; Y- 198.2 and Radius, 165.1 

*** 1. 906 *** 

1 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 33.00 33.10 
2 52.99 32.41 
3 72.84 34.85 
4 92.07 40.36 
5 110.20 48.80 
6 126.79 59.97 
7 135.20 67.80 

Circle Center At X ~ 47.4 ; y - 160.0 and Radius, 127.7 

*** 1.907. *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 36.00 33.70 
2 56.00 33.35 
3 75.78 36.32 
4 94.79 42.53 
5 112.50 51.81 
6 128.44 63.90 
7 131.16 66.79 

Circle Center At X - 48.1 ;Y= 153.2 and Radius, 120.1 

*** 1.912 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.95 31.45 
3 71.88 33.12 
4 91.30 37.89 
5 109.74 45.64 
6 126.74 56.17 
7 141.89 69.23 
8 142.15 69.54 

Circle Center At X - 51.2 ;Y= 159.1 and Radius, 127.6 

*** 1. 917 *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 30.00 32.50 
2 50.00 32.57 
3 69.83 35.18 
4 89.17 40.28 
5 107.70 47.79 
6 125.14 57.59 
7 140.74 69.18 

Circle Center At X- 39.4;Y- 189.7 and Radius, 157.4 

*** 1.923 *** 

1 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 34.00 33.30 
2 53.76 30.23 
3 73.73 31.38 
4 93.01 36.69 
5 110.75 45.93 
6 126.15 58.69 
7 132.87 67.22 

Circle Center At X - 58.3 ;Y= 124.9 and Radius, 94.7 

*** 1. 930 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 33.00 33.10 
2 52.87 30.81 
3 72.83 31.98 
4 92.30 36.58 
5 110.68 44.47 
6 127.42 55.42 
7 142.02 69.08 
8 142.41 69.60 

Circle Center At X- 56.1 ; y- 146.3 and Radius, 115.5 

*** 1.932 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.94 31.37 
3 71.89 32.85 
4 91.38 37.31 
5 109.99 44.64 
6 127.29 54.69 
7 142.88 67.21 
8 145.48 70.05 

Circle Center At X- 52.1 ;Y- 164.2 and Radius, 132.9 

*** 1.940 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 32.00 32.90 
2 51.98 32.06 
3 71.89 33.96 
4 91.36 38.55 
5 ll0.02 45.74 
6 127.53 55.42 
7 143.55 67.38 
8 146.28 70.07 

Circle Center At X - 48 .l ; y = 178.5 and Radius, 146.5 

*** l. 956 *** 
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Run Date: 

** PCSTABL4 ** 
by 

Purdue University 

--Slope Stability Analysis-
Simplified Janbu Method of Slices 

or Simplified Bishop Method 

Time of Run: 
Run By: 
Input Data Filename: 
Output Filename: 
Plotted Output Filename: 

JDH 
ASFQ.STA 
ASFQ.OUT 
ASFQ.PLT 

PROBLEM DESCRIPTION AMERICAN STEEL FOUNDRY 2169.07 

f"S= L3 

EAST SLOPE INTO TECUMSEH POND EARTHQUAKE 

BOUNDARY COORDINATES 

12 Top Boundaries 
19 Total Boundaries 

Boundary X-Left Y-Left X-Right Y-Right Soil Type 
No. (ft) (ft) (ft) (ft) Below Bnd 

1 .00 27.50 25.00 29.50 1 
2 25.00 29.50 30.00 32.50 1 
3 30.00 32.50 40.00 34.50 3 
4 40.00 34.50 50.00 43.50 3 
5 50.00 43.50 60.00 50.00 1 
6 60.00 50.00 64.00 52.00 1 
7 64.00 52.00 65.00 54.00 1 
8 65.00 54.00 70.00 56.00 1 
9 70.00 ' 56.00 80.00 58.00 1 

10 80.00 58.00 96.00 58.00 1 
11 96.00 58.00 144.00 70.00 1 
12 144.00 70.00 160.00 70.50 1 
13 96.00 58.00 160.00 58.00 1 
14 50.00 43.50 66.00 44.00 3 
15 66.00 44.00 160.00 48.00 3 
16 30.00 32.50 66.00 30.00 1 
17 66.00 30.00 160.00 37.00 1 
18 .00 10.00 70.00 10.00 2 
19 70.00 10.00 160.00 16.00 2 



1 

ISOTROPIC SOIL PARAMETERS 

3 Type(s) of Soil 

Soil 
Type 

No. 

Total Saturated 
Unit Wt. Unit Wt. 

(pcf) (pcf) 

105.0 
135.0 

90.0 

115.0 
135.0 

90.0 

Cohesion 
Intercept 

(psf) 

.0 
2000.0 

.0 

Friction 
Angle 
(de g) 

35.0 
20.0 
30.0 

Pore 
Pressure 
Par am. 

.00 

.00 

.00 

1 PIEZOMETRIC SURFACE(S) HAVE BEEN SPECIFIED 

Unit Weight of Water- 62.40 

Pressure 
Constant 

(psf) 

.0 

.0 

.0 

Piezometric Surface No. 1 Specified by 4 Coordinate Points 

Point X-Water Y-Water 
No. (ft) (ft) 

1 .00 50.00 
2 60.00 50.00 
3 70.00 48.00 
4 160.00 44.00 

A Horizontal Earthquake Loading Coefficient 
Of .100 Has Been Assigned 

A Vertical Earthq~ake Loading Coefficient 
Of .000 Has Been Assigned 

Cavitation Pressure ~ .0 psf 

Piez. 
Surface 

No. 

1 
1 
1 
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1 

A Critical Failure Surface Searching Method, Using A Random 
Technique For Generating Circular Surfaces, Has Been Specified. 

420 Trial Surfaces Have Been Generated. 

20 Surfaces Initiate From Each Of 21 Points Equally Spaced 
Along The Ground Surface Between x- 30.00 ft. 

and x- 50.00 ft. 

Each Surface Terminates Between x- 130.00 ft. 
and x- 160.00 ft. 

Unless Further Limitations Were Imposed, The Minimum Elevation 
At Which A Surface Extends Is Y - .00 ft. 

20.00 ft. Line Segments Define Each Trial Failure Surface. 

Following Are Displayed The Ten Most Critical Of The Trial 
Failure Surfaces Examined. They Are Ordered - Most Critical 
First. 

* * Safety Factors Are Calculated By The Modified Bishop Method * * 

Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 30.00 32.50 
2 49.99 31.92 
3 69.84 34.36 
4 89.10 39.74 
5 107.34 47.96 
6 124.13 58.82 
7 133.90 67.47 

Circle Center At X- 43.8 ;Y 164.6 and Radius, 132.8 

*** 1.265 *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 33.00 33.10 
2 52.99 32.41 
3 72.84 34.85 
4 92.07 40.36 
5 110.20 48.80 
6 126.79 59.97 
7 135.20 67.80 

Circle Center At X - 47.4;Y- 160.0 and Radius, 127.7 

*** 1.292 *** 

1 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

l 33.00 33.10 
2 52.95 34.56 
3 72.57 38.43 
4 91.58 44.64 
5 109.70 53.10 
6 126.67 63.69 
7 130.21 66.55 

Circle Center At X- 30.9 ;Y= 198.2 and Radius, 165.1 

*** 1.296 *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 36.00 33.70 
2 56.00 33.35 
3 75.78 36.32 
4 94.79 42.53 
5 112.50 51.81 
6 128.44 63.90 
7 131.16 66.79 

Circle Center At X- 48.1 ;Y= 153.2 and Radius. 120.1 

*** 1.297 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.95 31.45 
3 71.88 33.12 
4 91.30 37.89 
5 109.74 45.64 
6 126.74 56.17 
7 141.89 69.23 
8 142.15 69.54 

Circle Center At X - 51.2 ;Y= 159.1 and Radius, 127.6 

*** 1.297 *** 



Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 30.00 32.50 
2 50.00 32.57 
3 69.83 35.18 
4 89.17 40.28 
5 107.70 47.79 
6 125.14 57.59 
7 140.74 69.18 

Circle Center At X- 39.4;Y- 189.7 and Radius, 157.4 

*** 1.303 *** 

1 
Failure Surface Specified By 7 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 34.00 33.30 
2 53.76 30.23 
3 73.73 31.38 
4 93.01 36.69 
5 110.75 45.93 
6 126.15 58.69 
7 132.87 67.22 

Circle Center At X - 58.3 ;Y= 124.9 and Radius, 94.7 

*** 1.307 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 33.00 33.10 
2 52.87 30.81 
3 72.83 31.98 
4 92.30 36.58 
5 110.68 44.47 
6 127.42 55.42 
7 142.02 69.08 
8 142.41 69.60 

Circle Center At X - 56.1 ;Y= 146.3 and Radius, 115.5 

*** 1.308 *** 

1 
Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.94 31.37 
3 71.89 32.85 
4 91.38 37.31 
5 109.99 44.64 
6 127.29 54.69 
7 142.88 67.21 
8 145.48 70.05 

Circle Center At X- 52.1 ;Y= 164.2 and Radius, 132.9 

*** 1.313 *** 



Failure Surface Specified By 8 Coordinate Points 

Point X-Surf Y-Surf 
No. (ft) (ft) 

1 32.00 32.90 
2 51.98 32.06 
3 71.89 33.96 
4 91.36 38.55 
5 110.02 45.74 
6 127.53 55.42 
7 143.55 67.38 
8 146.28 70.07 

Circle Center At X - 48.1 ; y- 178.5 and Radius, 146.5 

*** 1.324 *** 
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: A-5 
LOG OF BORING NO. 5 

AMERICAN STEEL FOUNDRIES, ALLIANCE, OHIO, LAKE PARK ROAD PROJECT 
-

BORING LOCATION: As shown on boring location plan DATE STARTED: 7/08/85 

SURFACE ELEVATION: 1088. '+ DATE COMPLETED: 7/09/85 
-

SAMPLE liNn BLO;, 
NO. & SAMPLE BLOWS PER /Ft. OR 

STRATUM DESCRIPTION OF MATERIAL TYPE DEPTH 6" CORE REC 

0.0' - (FILL) Mill refuse, foundry sane 
- - dry lA 1.0- 2.5 7- 7-11 18 
- (Becomes loose at 4.0') 2A 4.0- 5.5 3- 2- 2 4 
-
To· (Becomes medium dense, with 3A 6.5- 8.0 4- 4- 7 11 
- large chunks at 6.5') - (Becomes wet at 8.0') 
- . 4A 9.0-10.5 6- 7- 5 12 
- (Becomes loose at 14.0') SA 14.0-15.5 2- 2- 3 5 
20' lC 16.5-18.0 24" 
- (Becomes medium dense at 18 o 5 I ) 6A 18.5-20.0 2- 5- 6 11 
-
- 7A 24.0-25.5 7-10-14 24 
-
30' (Becomes dense at 29.0') SA 29.0-30.5 9-21-22 43 
-
-
- 9A 34.0-35.5 11-16-19 35 
-
40' lOA 39.0-40.5 7-14-20 34 

42.0' - (ORIGINAL) Gray shale llA 43.0-43.5 100 100 
-
- Bottom or boring at 43.5' ' 

'5'0' -
-
-
-
6o• -

WATER OBSERVATIONS TYPE SAMPLER 

METHOD: HOLLOW STEM AUGER INITIAL DEPTH:S.O' {heavy) 

TECHNICIAN: RG-RH COMPLETION DEPTH: 8.6' 

JOB NO. 28458 bw(#l6) DEPTH AFTER: 24 HRS. 8. 6' 

X --
--

X --

A. 

B. 

c. 

SPLIT-SPOON 

SHELBY TUBE 

r;;:;:;;; 
~ 
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f•203 (R 01•67) 

PROJECT NAME ASII 

BORING NO. __ ..,SuB.::-.._1 __ 
SHEET NO. 1 OF _ __._ __ 

PROJECT NO. __ ?~-~!..!~u<:l~.n!.!..7r..__ 
INSTALLATION _ _,1"'0~!2..,6ulz9.._2 _ LOCATION Alliance. Ohio 

CONTRACTOR R & R lnteroatlongl SURFACE ELEV. ____ _ 

DRILLING METHOD 4.25" ID HSA BOREHOLE DIA, 7 IN 

14 12 D 

12 12 

8 9 

8 12 

60 to 

64 

GENERAL NOTES 

VISUAL CLASSIFICATION 

core very 
dark gray IOYR 3/1, medium dense (Foundry 
Sand/Waste). 

""'"' Same as ~ Whole spoon, wet. 

20 _1:::::~· Hard plug in bottom of spoon layered gray, possibly 
,bedrock. 
sH:"AiK &i"a;: 5Y"-s/I.-Piaty "SO"ri".--- ----------- • 

End of Boring at 25 Ft. 

WATER LEVEL OBSERVATIONS 

DATE STARTED OCT 26 92 WHILE DRILLING~ 10.0 Ft. 
DATE COMPLETED OCT 26 91 AT COMPLETION !_,;, ________ _ 
RIG CME-75 AFTER DRILLING 

CAVE•IN: DArE/rlME _____ DEPTM ______ _ 

WATER: DATE/TI~ DEPTK 

t0"d ~9e:rt £66t •cr N~r NOS I GI:JW 11-l1:l :01 81:ln81·1fl~HJS-11-l1:l : 1-J01:l=l 



BORING NO. $1!-Z 
f·~OJ (R 01·87) SHEET NO. 1 OF_-"--

PROJECT NAME ____ _,Ilil:l.l:. ___ _ PROJECT NO. 2169.07 
LOCA T!ON i\lllanse, Ohjo 
CONTRACTOR e~e r:,k,.,.J,r..,J 

INSTALLATION ____ _ 

SURFACE ELEV. _ _.:_ __ _ 

DRILLING METIIOD HSA 3 !/4" BOREHOLE DIA, 

2 

3 

4 

s 

6 

7 

8 

9 

ss 

ss 

ss 

ss 

ss 

ss 

ss 

ss 

20 

5 

12 

7 

15 

54 

14 

5 

0 

14 

12 

12 

16 

24 

20 

w 

10 ss 50/4" 

GENERAL NOTES 

DATE STARTED ---"O"'C"'-T~2os6L9"-'2'----
0ATECOMPLETED_~Q~C~T~2~6~9~2--RIG ____________ _ 

CREW CHIEF ________ _ 

LOGGED CHECKED 

VISUAL CLASSIFICATION 
GENERAL OBSERVATIONS 

core very 
gray IOYR 3/1, dense (Foundry Waste). 

Same as above. 

&~me as above, some clay. 

. 'sUf: 
-ct.i..Y (ct.>~ ffiaief"i;t-5iifn ,Aif&iit!y-P"t&s!ic,"''-.. ~-. 
.~mediumde~~ , 

~~~~~!l.e~ -- - - - :::·:·~:_ - - - - - -- - - - - - - - - - - - - - .' 

WATER LEVEL OBSERVATIONS 

WHILE DRlLLlNG~----...A.IIJ.lL---
AT COMPLETION~---------
AFTER DRILLING 

CAVE· INI DATE/TIME----- DEPTH------

YATER: DATE/TIME DEPtH 

NOSIOI:JW l~:Ol 
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BORING NO. __ -"'-SB...:..-2'----

SHEET NO. 2 OF 2 

PROJECT NAME ____ -"A.,_SF"----- PROJECT N0 •. __ --"2...,16u.9..,.0"""7 __ 

LOCATION _____ ~Aulllua~nc~e4,~Q~h~l9~. ----- INSTALLA T!ON ____ _ 

CONTRACTOR ________________ _ SURFACE .ELEV. _____ _ 

DRILLING METHOD HSA 3 l/4" BOREHOLE DIA. 1 IN, 

VISUAL CLASSIFICATION 

AND GENERAL OBSERVATIONS 

70 

75 

80 

85 

£0'd W~L0:11 £661 'c1 N~f NOS l a~ 11-R!: 01 



BORING NO. 51}-3 

SHEET NO. I OF 
!'It\ ME PROJECT NO. W!M1 

LOCATION Allin~~. Oblo INSTALLATION 

CONTRACTOR SURFACE ELEV. 

DRILLING METHOD HSA 3 l/4" BOREHOLE Dlt\. 7 IN, 

VISUAL CLt\SSIF!CATION 

AND GENERAL OBSERVATIONS 

core 
lOYR 2/1, medium dense (Foundry Waste). 

2 ss 19 12 

s 

3 ss 4 10 

Same as above, wet. 

4 ss 18 

Sarne as above. 

' ss 9 10 

Same as above • 

6 ss ll 10 • -ff. 
---------~'-- ----------------------

25 CLAY (CL), i&htly plastic]SriiY-!OY~JL!>, some 
rock fragments (Weathered Bedrock). 

7 ss 10 

Same as above. 

8 ss 13 

35 

GENERAL NOTES WATER LEVEL OBSERVATIONS 

DATE STARTED OCT 27 92 WHILE DRILLING ~----.!1.!/..JJ. ___ _ 

DATE COMPLETED OCT 27 92 AT COMPLETION ! ____________ _ 
RIG, ____________________ __ 

AFTER DRILLING 
CREW CHIEF __________ _ CAVE•lN: OATVT!ME ------- DEPIH _________ _ 

LOGGED CHECKED WATER: DATE/liME DEPTH 

NOSIG\:IW lW~:Ol 
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MONITORING WELL LOCATION 

EXISTING BORING LOCATION 

FORMER POND BOUNDARY 

TREES, BRUSH 

--X-- FENCE LINE 

NOTES: 

ll CONTOUR INTERVAL IS 2 FEET 
2l BASEMAP BY KBM, INC., GRAND FORKS, N.D. 

FROM AN AERIAL SURVEY BY KUCERA 
INTERNATIONAL ON NOV. 17, 1991. 
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i LdCATION~ OF BORINGS/ 

MONITORING WELLS AND 
GEOLOGIC CROSS SECTIONS 

SEBRING F AGILITY 
AMERICAN STEEL FOUNDRIES 

ALLIANCE, OHIO 

IHC. Or-own By1 RJS 
Appr-oved By: 

,. Do-te: JANUARY, 1992 
Pr-oj, No, 1 2169.02 

FIGURE 2-2 



24 PART I I FUNDAMENTALS OF SLOPE STABILITY 

Select preliminary slope geometry 

Establish material parameters 

Steady state seepage 

(effective stress analysis) 

Change slope geometry 

Rapid drawdown 

(effective stress analysis 

Earthquake 

(effective stress analysis) 

}--------1 End of construction 

(total stress analysis) 

Next step 

in desi~n 

FiGURE 2.11. Stability analysis ror permanent cut slopes. 

sequences of failure. Where the consequences of failure are slight, a greater 

risk of failure or a lower factor of s:ifcty may be acccpiablc. 

The potential seriousness of failure is related 10 many factors other than 

the size of project. A low dam located above or close to inhabited buildings 

can pose a grenter danger than a high dam in a remote location. Often, the 

most potentially dangerous types of failure iilVolve soils that undergo a sud

den release of energy without much warning. This is true for soils subjected 

to liquefaction and that have a low rntio between the residual and peak 

strength. 

Table 2.3 shows the factors of safety suggested by various sources for 

mining operations (D'Appolonia Consulting Engineers, 1975; Federal Register, 

,,..,..., • •:.- n ... '".t, r•.,., . .,, .. 10'1'1· N·qir1n:d rn:d nn:trd_ i<J70). All nf these 

\ 
I 

MECHAr OF SLIDES 25 

Table 2.3 Factors of Safety Suggested for Mining Operations. 

tiNITF.D STATES (FEDERAL REGISTER, 1977) MINIMUM SAFETY FACTOR 

?End-~ c~~st;~-~;;io~n~· =-=~·· ~-~·~===·=-=·=-==-=·=====-==-:!~··rs-t: 
II 

Ill 

IV 

Partial pool with steady scepnge saturation 1.5 v. ')~of 

Sleady seepage from spillway or decanl crest 

Earthquake (cases 11 and 111 with seismic loading) 

1.5 

1.0 

'.s 

UNITED STATES 

SUGGESTED MINIMUM FACTORS OF 

SAFETY WITH HAZARD POTENTIAL 

(D'APPOLONIA CONSULTING ENGINEERS, INC,, 1975) 

Designs bo1sed on shear strength parameters measured in 

the laboratory 

Designs tfiat consider maximum seismic acceleration 

ex~cted at the site 

HIGH 

1.5 

1.2 

v._<,pc}. 

BRITAIN (NATIONAL COAL BOARD, 1970) \ • ~ 

(I) For slip surfaces along which the peak shear stress is used. 

{2) For !'lifl surfaces passing lhrough a rO'undation stratum which is at 

its residual shear strength (slip circles wholly within the bank 

should satisfy ( 1)). 

(3) For slip surfaces passing along a deep vertical subsidence crack 

where no shear slrength is mobilized and which is filled with water 

(slip surfaces wholly within intact zones of bank and foundarions 

should satisfy (1)). 

(4) For slip surfaces where both (2) and (3) apply. 

CANADA (MINES BRANCH, CANADA, 1972) 

Design is based on peak shear strength parameters 

Design is based on residual shear strength pnramcters 

Analyses that include the predicted 100-year return period accelerations 

applied lo the polential failure mass 

For horizontal sliding on base of dike in seismic areas assuming shear 

strength of fine refuse in impoundment reduced 10 zero 

*where therl' is a ri.~k of danger to persons or property 

uwhere no risk of danger to penons or property is antiCipated 

MODERATE lOW 

1.4 1.3 

1.1 1.0 

FACTOR OF SAFETY 

t* n•• 

1.5 1.25 

1.35 1.15 

1.35 I. t5 

1.2 I. I 

FACTOR OF SAFETY ,. rru 

1.5 1.3 

1.3 1.2 

1.2 l.t 

1.3 1.3 

stipulations are based on the assumptions that the most critical failure surface 

is used in the analysis, that strength parameters are reasonably representative 

of the actual case, and that sufficient construclion conlrol is ensured. 

For earth slope composed of intact homogeneous soils, when lhe strength 

paramelers have been chosen on the basis of good laboratory tests and a 

careful estimate of pore pressure has hccn mnde, n snfety fnctor of at least 1.5 

is commonly employed (Lambe and Whilman, 1969). With fissured clays andf 

for nonhomogeneous soils, larger unccrtninties will generally exist and mor~ 

cnution is necessary. 
~ 
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S C){, I p, + t:.p •• ,=--- og 
1 + e, p, 

S C){, I p, + t:.p,. ,=--- og 
1 + e, p, 

(for normally consolidated clays) 

(for overconsolidated clays 
with p, + l;p" < p,) 

S C.H, I p, + C){, I p, + b.pw , =--- og- --- og l+e, p, l+e, p, 
(for overconsolidated clays 
with p, < p, < p, + t:.p,.) 

where p, = average effective pressure on the clay layer before the construction 
of the foundation 

b.p,. = average increase of pressure on the clay layer caused by the founda-
tion construction 

p, = preconsolidation pressure 
e, = initial void ratio of the clay layer 
Cc = compression index 
C, = swelling index 
H, = thickness of the clay layer 

1 1 c,~ 5 to 
10

c, 

Terzaghi -andP~~k (1967) s~ggest the following empirical expr~ssions for compression index: 

for undisturbed clays 

C, = 0.009(LL ..: 10) 

for remolded clays 

C, = 0.007(/L - 10) 
/ . 

where LL = liquid limit, in percent 

q, X B XL 
t:.p ;= (B + %)(L + %) 

where. 
1 

C)so' cve'~~o<.oE,J ·p,..;•s"'"'' 
6: Wlb~ o{! Fov....,CIIo'Y"t4....., 
L": L.CN&i1+ o~ 'Pc>u"'M,-,o...J 
:C • oemt oF STIILE'St fol..J\ - . Note that the increase of pressure, b.p, on the clay layer is not constant with depth. The magnitude of /;p will decrease with the increase of depth measured from the bottom of the foundation. However, the average increase of pressure can be approximated by the equation 

(3.74) 
where fl.p, b.p~, and fl.p; are the pressure increases at the top, middle, and bottom of the clay layer that are caused by the foundation construction. 
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